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LIGHT EMITTING DEVICE AND METHOD
OF MANUFACTURING A SEMICONDUCTOR
DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present imvention relates to the manufacturing
method of semiconductor device, in particular, present
invention relates to a light emitting device comprising a light
emitting element formed on a plastic substrate. The mnven-
tion also relates to an ELL module 1n which ICs including a
controller, or the like, 1s mounted with an EL panel. Note
that, in this specification, the light emitting device icludes
the EL panel and for the EL module. Electronic equipment
using the light emitting device 1s also included in the present
invention.

Noted that 1n the present specification, the term “semi-
conductor device” generally indicates a device which 1s
capable of functioming by utilizing semiconductor charac-
teristics, and a light emitting device, an electro-optical
device, a semiconductor circuit and an electronic device are
all included 1n the semiconductor device.

2. Description of the Related Art

Recently, technology for forming TFTs (Thin Film Tran-
sistor) on a substrate has been greatly progressed, and its
application to an active matrix display device is actively
developed. In particular, a TF'T using a polysilicon film have
a higher field effect mobility (also referred to as mobility)
than that of a conventional TFT using an amorphous silicon
film, and thus, and 1s capable of high-speed operations.
Therefore, a driver circuits that consist of TFTs using a
polysilicon film 1s provided on the same substrate as pixels,
and the development for controlling respective pixels is
performed actively. Since driver circuits and pixels on one
substrate are incorporated mnto an active matrix display
device, there are various advantages such as reduction 1n the
manufacturing cost, miniaturization of the display device,
improvement 1n vield, and improvement 1n throughput.

In addition, an active matrix light emitting device (here-
iafter, simply referred to as light emitting device), which
has as a self-luminous element an EL element with a layer
containing an organic compound as a light emitting layer, 1s
actively researched. The light emitting device 1s also
referred to as organic EL displays (OELDs) or organic light
emitting diodes (OLEDs).

An EL element 1s self-luminous to have high visibility,
and 1s optimal for making a display thin since a backlight
like used for a liquid crystal display (LCD) 1s not required.
Further, an angle of view has no limits. Therefore, a light
emitting device using an EL element has thus come under
the spotlight as a substitute display device for CRTs and
LCDs.

An active matrix driving system for displaying an image
by arranging a plurality of TFTs 1n each pixel and sequen-
tially writing a video signal 1s known as one mode of a light
emitting device using EL elements. The TFT 1s an indis-
pensable element for realizing the active matrnix drniving
system.

Conventional TFT was almost manufactured by using
amorphous silicon. However, the TFT using amorphous
silicon 1s low 1n electric field eflect mobility, and cannot be
operated at a frequency required to process the video signal.
Accordingly, the TFT was used only as a switching element
arranged 1n each pixel. A data line dnving circuit for
outputting the video signal to a data line, and a scanning line
driving circuit for outputting a scanning signal to a scanning
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line were constructed by an external IC (driver 1C) attached
and mounted by TAB (Tape Automated Bonding) or COG

(Chip on Glass).

However, when a pixel density 1s increased, a pixel pitch
1s narrowed. Accordingly, 1t 1s considered that there 1s a limat
in a system of mounting the driver IC. For example, when
UXGA (a pixel number of 1200x1600) 1s supposed, 6000
connecting terminals are required in an RGB color system
even 1n simply estimating the number of connecting termi-
nals. An increase in the number of connecting terminal
causes an increase in generating probability of a contact
defect. Further, the area (frame area) of a peripheral portion
of a pixel section 1s increased and the compactness of a
semiconductor device with and the design of an external
appearance, as a display, are damaged. The necessity of the
display device integrated with a driving circuit 1s clarified
from such a background. The number of connecting termi-
nals 1s greatly reduced and the frame area can be also
reduced by integrally forming the pixel portion and the
scanning line driving circuit and data line driving circuit on
the same substrate.

As a means to realize the active matrix display device 1n
which pixels and drive circuits are set on one substrate, a
method for forming a TF'T from a semiconductor film having
crystalline structure, typically a polysilicon film, 1s pro-
posed. However, even when the TF'T 1s formed by using the
polysilicon, 1ts electrical characteristics are finally not
equivalent to the characteristics of a MOS transistor formed
in a monocrystal silicon substrate. For example, the electric
field effect mobility of a conventional TFT 1s equal to or
smaller than 10 1n comparison with the monocrystal silicon.
Further, the TFT using polysilicon has a problem that is
dispersion 1s caused easily in 1ts characteristics due to a
defect formed 1n a boundary of a crystal grain.

In the light emitting device, at least a TF'T functioning as
a switching element and a TFT for supplying an electric
current to an FL eclement are generally arranged in each
pixel. A low oft-electric current (I 4) 1s required in the TFT
functioning as the switching element while high drniving
ability (an on-electric current 1, ), the prevention of dete-
rioration due to a hot carrier effect and the improvement of
reliability are required in the TFT for supplying the electric
current to the EL element. Further, high driving ability (the
on-electric current I_ ), the prevention ot deterioration due
to the hot carrier effect and the improvement of reliability
are also required in the TFT of the data line driving circuat.

Moreover, since the luminance of a pixel 1s determined by
the ON current (I, ) of TF'T which 1s electrically connected
with an EL element and supplies current to the EL element
without depending on the drive method, there 1s a problem
dispersion 1s caused in luminance if ON current 1s not
constant 1n case of displaying white on overall surface. For
example, 1n case of adjusting luminance by light emitting
time and performing 64 gray scales, the ON current of the
TFT which 1s electrically connected with the EL element and
supplies current to the EL element 1s dispersed 1.56% (=V%s4)
from a fiducial point to shiit one gray scale.

SUMMARY OF THE INVENTION

The present mnvention 1s performed in view of the above-
mentioned problem, and improvement of characteristics of
TFTs (specifically the increase of ON current and reduction
of OFF current) and reduction of characteristic dispersion of
cach TFT are considered as an object of the present inven-
tion. At least, reducing the dispersion of the ON current (I_, )
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of TFT which 1s electrically connected with an EL element
and supplies current to the EL element 1n pixels 1s consid-
ered as an object.

The present invention 1s characterized 1n that TF'T char-
acteristics are improved 1n a light emitting device using an
EL. element by arranging channel length directions of
regions that function as channels (called channel forming
regions) of plural thin film transistors in a pixel all 1 the
same direction and by setting the scanning direction 1n laser
light 1rradiation the same as the channel length direction to
make the crystal growth direction coincide with the carrier
moving direction and to obtain high field eflect mobility.

Examples of usable laser light include a gas laser such as
an excimer laser, an Ar laser, or a Kr laser, a solid-state laser
such as a YAG laser, a YVO, laser, a YLF laser, a YAIO,
laser, a glass laser, a ruby laser, an alexandrite laser, and a
T1:sapphire laser, and a semiconductor laser. The solid-state
laser employed 1s one that uses a crystal such as YAG,
YVO,, YLF, or YAIO, doped with Cr, Nd, Er, Ho, Ce, Co,
T1, or Tm. The fundamental wave of the solid laser 1s varied
with depending on the material used in doping, and 1s around
1 um. The harmonic for the fTundamental wave 1s obtained by
using a non-linear optical element. The mode of laser
oscillation may be continuous wave type or pulse oscillation
type, and the shape of the laser beam may be linear or
rectangular. In crystallizing a semiconductor film that has an
amorphous structure, 1t 1s preferred to choose a continuous
wave solid-state laser and use the second harmonic to fourth
harmonic of the fundamental wave 1n order to obtain crystals
with a large grain size.

In the case of crystallizing a non-single crystal semicon-
ductor film by 1rradiating a continuous wave laser beam, the
solid-liquid 1nterface 1s held and crystals can grow continu-
ously 1n the scanning direction of the laser beam.

Accordingly, an aspect of the present invention disclosed
in this specification 1s a light emitting device comprising at
least one pixel and at least one light emitting element 1n a
pixel portion formed on an insulating surface, wherein the
pixel portion comprises at least first and second thin film
transistors, the first thin film transistor 1s connected to a pixel
clectrode that 1s an anode or a cathode of the light emitting
clement, the light emitting element comprises a layer com-
prising an organic compound as a light emitting layer, and
the first and second thin film transistors have the same
channel length direction.

The present mvention 1s applicable not only to the case
where one pixel of a pixel portion 1s driven by two TFTs
(e.g.,a switching TFT and a dnving TF'T) but also to the case
where three TF'Ts (e.g., a switching TFT, a dnving TFT, and
an erasing TFT) are used to drive each pixel. Accordingly,
another aspect of the present invention 1s a light emitting
device comprising at least one pixel and at least one light
emitting element 1n a pixel portion formed on an insulating
surface, wherein the pixel portion comprises at least first,
second, and third transistors, the first thin film transistor 1s
connected to a pixel electrode the light emitting element, the
light emitting element comprises a layer comprising an
organic compound as a light emitting layer, and the first to
third thin film transistors are arranged to have the same
channel length direction.

The present invention 1s also applicable to a light emitting
device 1n which one pixel 1n a pixel portion 1s driven by
more than three TFTs. In the above structures, the pixel
portion and the driving circuit may be placed on the same
substrate. Accordingly, the present ivention is character-
ized 1n that a driving circuit including plural thin film
transistors 1s placed on the insulating surface and that the
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thin film transistors of the driving circuit are arranged so that
the channel length directions of the thin film transistors
coincide with one another.

In the above structures, the present invention 1s charac-
terized 1n that the channel length direction is the same as the
scanning direction of laser light that is 1rradiated semicon-
ductor layers of the thin film transistors.

According to the present invention, there 1s another aspect
that each of the thin film transistors of a pixel or the driving
circuit 1n each light emitting device described above has a
semiconductor {ilm, a first electrode, a first insulating film,
a second electrode, and a second insulating film (gate
insulating film). The semiconductor film functions as an
active layer. The first insulating film 1s sandwiched between
the semiconductor film and the first electrode. The second
clectrode functions as a gate electrode. The second 1nsulat-
ing film 1s sandwiched between the semiconductor film and
the second electrode. The first electrode and the second
clectrode overlap each other while a channel formation
region of the semiconductor film is interposed between the
first and second electrodes. The semiconductor film has two
impurity regions (one 1s a source region and the other 1s a
drain region) and the channel formation region sandwiched
between the two 1mpurity regions.

In the present invention, a constant voltage (common
voltage) 1s applied to the first electrode or the first electrode
1s electrically connected to the second electrode to receive
the same electric potential. In this way, fluctuation in ON
current (I_ ) of the TFT can be reduced.

In a TFT to which reduction of OFF current 1s more
important than increase of ON current, for example, a TFT
used as a switching element, 1t 1s preferable to apply a
constant voltage (common voltage) to the first electrode.
When a constant voltage (common voltage) 1s applied to the
first electrode, the constant voltage 1s smaller than the
threshold voltage of the thin film transistor in the case of an
n-channel TFT and 1s larger than the threshold voltage of the
thin {ilm transistor in the case of a p-channel TFT. By
applying a common voltage to the first electrode, fluctuation
in threshold can be reduced as well as OFF current compared
to the case where only one electrode 1s provided.

On the other hand, 1n a TFT to which increase of ON
current 1s more important than reduction of OFF current, for
example, a TFT of a buller or the like 1n a driving circuit, 1t
1s preferred to electrically connect the first electrode to the
second electrode to have the same electric potential. When
the first electrode and the second electrode are electrically
connected to each other to have the same electric potential,
the same voltage 1s applied to the first electrode and the
second electrode, which makes a depletion layer expand as
if the semiconductor film 1s substantially reduced in thick-
ness. Therefore, the sub-threshold coeflicient (S value) can
be set smaller and, in addition, the field effect mobility can
be 1mproved. An increase i ON current 1s realized com-
pared to the case where there 1s only one electrode. Accord-
ingly, by using the thus-structured TFT 1n a driving circuat,
the driving voltage can be lowered. Moreover, the increased
ON current makes 1t possible to reduce the TFT 1n size
(especially channel width). The integration density can
therefore be 1mproved.

In the above thin film transistor, i1t the first electrode
causes a convex portion on the surface of the first insulating
film on which the semiconductor film 1s to be formed, the
convex portion could bring unevenness to the semiconductor
film surface and cause fluctuation in grain size among
crystals during the process of crystallizing the semiconduc-
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tor film. For this reason, the first insulating film 1s preferably
leveled by chemical mechanical polishing.

A construction of the present invention to realize the
above structure relates to a method of manufacturing a
semiconductor device, comprising:

a first step of forming a first electrode on a substrate that
has an insulating surface;

a second step of forming a first insulating {ilm on the first
electrode;

a third step of leveling a surface of the first insulating film;

a fourth step of forming a semiconductor film on the first
insulating film;

a fifth step of wrradiating continuous wave laser light to
crystallize the semiconductor film;

a sixth step of forming a second insulating film on the
semiconductor film;

a seventh step of selectively etching the first insulating
film and the second insulating film to form a contact hole
that reaches the first electrode; and

an eighth step of decreasing impurities on a surface of the
second 1nsulating film;

a ninth step of forming a second electrode that 1s electri-
cally connected to the first electrode through the contact hole
and partially overlaps the semiconductor film on the second
insulating film.

Another construction of the present invention relates to a
method of manufacturing a semiconductor device, compris-
ng:

a first step of forming a first electrode on a substrate that
has an insulating surface;

a second step of forming a first insulating film on the first
electrode;

a third step of leveling a surface of the first insulating film;

a fourth step of forming a second insulating film on the
first insulating film;

a fifth step of forming a semiconductor film on the second
insulating film;

a sixth step of 1rradiating continuous wave laser light to
crystallize the semiconductor film;

a seventh step of forming a third insulating film on the
semiconductor film;

an eighth step of selectively etching the first mnsulating
f1lm, the second insulating film, and the third insulating film
to form a first contact hole that reaches the first electrode;
and

a ninth step of decreasing impurities on the third msulat-
ing film surface;

a tenth step of forming a second electrode that 1s electri-
cally connected to the first electrode through the contact hole
and partially overlaps the semiconductor film on the third
insulating film.

Still another construction of the present invention relates
to a method of manufacturing a semiconductor device,
comprising;

a {irst step of forming a first electrode on a substrate that
has an insulating surface;

a second step of forming a first insulating film on the first
electrode;

a third step of leveling a surface of the first insulating film;

a Tfourth step of forming a semiconductor film on the first
insulating film;

a {ifth step of wrradiating continuous wave laser light to
crystallize the semiconductor film;

a sixth step of forming a second isulating film on the
semiconductor film;
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a seventh step of forming on the second insulating film a
second electrode that partially overlaps the semiconductor
film;

an eighth step of forming a third msulating film on the
second electrode;

a ninth step of selectively etching the first insulating film,
the second insulating film, and the third nsulating film to
form a {irst contact hole that reaches the first electrode and
a second contact hole that reaches the second electrode; and

a tenth step of forming a third electrode that 1s electrically
connected to the first electrode and to the second electrode
through the first contact hole and the second contact hole.

Yet still another construction of the present invention
relates to a method of manufacturing a semiconductor
device, comprising:

a first step of forming a first electrode on a substrate that
has an insulating surface;

a second step of forming a first insulating film on the first
electrode;

a third step of a leveling a surface of the first insulating
film;

a fourth step of forming a second insulating film on the
first insulating film;

a fifth step of forming a semiconductor film on the second
insulating film;

a sixth step of 1rradiating continuous wave laser light to
crystallize the semiconductor film;

a seventh step of forming a third insulating film on the
semiconductor film;

an eighth step of forming on the third insulating film a
second electrode that partially overlaps the semiconductor
film;

an ninth step of forming a fourth msulating film on the
second electrode;

a tenth step of selectively etching the first insulating film,
the second insulating film, the third insulating film, and the
fourth msulating {ilm to form a first contact hole that reaches
the first electrode and a second contact hole that reaches the
second electrode; and

a eleventh step of forming a third electrode that 1s
clectrically connected to the first electrode and to the second
clectrode through the first contact hole and the second
contact hole.

In the above constructions regarding a method of manu-
facturing a semiconductor device, the present imnvention 1s
characterized 1n that the third step of leveling the surface of
the first mnsulating {ilm 1s performed by chemical mechanical
polishing.

According to the present invention, 1t 1s possible to obtain
a semiconductor device provided with a CPU. Accordingly,
another aspect of the present invention 1s a semiconductor
device which has a plurality of thin film transistors on a
substrate that has an insulating surface, wherein a central
processing unit (also called a CPU) comprising a control
unmit and a computing unit 1s provided on the substrate, the
central processing unit has at least a first thin film transistor
and a second thin film transistor, and the channel length
direction of the first thin film transistor coincides with the
channel length direction of the second thin film transistor.

According to the present invention, 1t 1s possible to obtain
a semiconductor device provided with a CPU and memory
on the same substrate. Accordingly, a further construction of
the present invention 1s a semiconductor device comprising
a plurality of thin film transistors on a substrate that has an
insulating surface, wherein a central processing unit com-
prising a control unit and a computing unit, and a memory
unit (also called memory) are provided on the substrate, that
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the memory unit has at least a first thin {ilm transistor and a
second thin film transistor, and that the channel length
direction of the first thin film transistor coincides with the
channel length direction of the second thin film transistor.

The CPU and display unit (including the pixel portion)
may be formed on the same substrate, and also, the CPU, the
memory, and the display unit (including the pixel portion)
may be formed thereon.

In the above constructions, the present invention 1s char-
acterized in that the channel length direction 1s the same as
the scanning direction of laser light that 1s 1rradiated semi-
conductor layers of the thin film transistors.

In this specification, all layers formed between an anode
and cathode of an EL element together constitute an organic
light emitting layer. Specifically, the organic light emitting
layer includes a light emitting layer, a hole injection layer,
an c¢lectron injection layer, a hole transporting layer, an
clectron transporting layer, etc. The basic structure of an EL
clement 1s a laminate of an anode, light emitting layer, and
cathode layered in this order. The basic structure may be
modified into a laminate of an anode, hole 1njection layer,
light emitting layer, and cathode layered 1n this order, or a
laminate of an anode, hole injection layer, light emitting
layer, electron transporting layer, and cathode layered in this
order.

An EL eclement has a layer (hereinaiter referred to as
organic light emitting layer) containing an organic com-
pound (an organic light emitting material) that provides
luminescence (electro luminescence) generated by applying
electric field, as well as an anode and a cathode. Lumines-
cence obtained from organic compounds 1s divided into light
emission (fluorescence) in returning to the base state from
singlet excitation and light emission (phosphorescence) 1n
returning to the base state from triplet excitation. A light
emitting device of the present invention may use one of the
above two types of light emission or both. An organic

compound layer may contain an morganic material.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIGS. 1A to 1E are sectional views 1llustrating a process
of manufacturing a TFT (Embodiment Mode 1);

FIGS. 2A to 2E are sectional views 1llustrating a process
of manufacturing a TFT (Embodiment Mode 2);

FIGS. 3A to 3E are sectional views 1llustrating a process
of manufacturing a TFT (Embodiment Mode 3);

FIGS. 4A to 4E are sectional views 1llustrating a process
of manufacturing a TFT (Embodiment Mode 4);

FIG. 5 1s a perspective view 1llustrating a laser processing,
apparatus (Embodiment Mode 1);

FIG. 6 1s a top view illustrating the arrangement of a
semiconductor layer and the scanning direction of laser light

(Embodiment Mode 1);

FIGS. 7A to 7D are sectional views illustrating the
arrangement of a semiconductor layer and the scanning
direction of laser light (Embodiment Mode 1);

FIGS. 8A to 8D are sectional views 1llustrating a process
of manufacturing a light emitting device (Embodiment 1);

FIGS. 9A to 9C are sectional views 1llustrating a process
of manufacturing a light emitting device (Embodiment 1);

FIGS. 10A to 10C are sectional views illustrating a
process of manufacturing a light emitting device (Embodi-
ment 1);

FIG. 11 1s a sectional view illustrating a process of
manufacturing a light emitting device (Embodiment 1);
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FIGS. 12A and 12B are top views 1llustrating a process of
manufacturing a light emitting device (Embodiment 1);

FIGS. 13A and 13B are top views 1llustrating a process of
manufacturing a light emitting device (Embodiment 1);

FIG. 14 15 a top view of a pixel of a light emitting device
(Embodiment 1);

FIG. 15 15 a top view of a pixel of a light emitting device
(Embodiment 2);

FIG. 16 1s a sectional view of a pixel of a light emitting,
device (Embodiment 2);

FIG. 17 1s an equivalent circuit diagram of a light emitting,
device (Embodiment 3);

FIGS. 18A to 18C are equivalent circuit diagrams of a
TFT of the present invention;

FIGS. 19A and 19B are top views of a pixel of a light
emitting device (Embodiment 4);

FIG. 20 1s a top view as well as a circuit diagram
illustrating the arrangement of a semiconductor layer and the
scanning direction of laser light (Embodiment 4);

FIGS. 21A and 21B are diagrams showing structures of
TFTs used 1n simulation (Embodiment 3);

FIG. 22 1s a graph showing a TFT characteristic obtained
by the simulation (Embodiment 5);

FIGS. 23A to 23F are diagrams showing examples of
clectronic equipment;

FIGS. 24A to 24C are diagrams showing examples of
clectronic equipment;

FIGS. 25A and 25B are equivalent circuit diagrams of a
light emitting device (Embodiment Mode 5);

FIG. 26 1s an equivalent circuit diagram of a pixel

(Embodiment Mode 5);

FIGS. 27A and 27B are equivalent circuit diagrams of a
current setting circuit (Embodiment Mode 5);

FIG. 28 15 a top view of a pixel of a light emitting device
(Embodiment 9);

FIG. 29 1s a top view 1illustrating the arrangement of a
semiconductor layer and the scanming direction of laser light
(Embodiment 9);

FIGS. 30A and 30B are detailed diagrams of a signal line
driving circuit 1 an analog drniving method (Embodiment
10);

FIGS. 31A and 31B are equivalent circuit diagrams of
pixels (Embodiment 11); and

FIG. 32 1s a block diagram showing Embodiment Mode
6.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

Embodiment modes of the present invention will be
described below.

Embodiment Mode 1

The following 1s a brief explanation on a typical proce-
dure of manufacturing a TFT. The explanation 1s given with
reterence to FIGS. 1A to 1E.

In FIG. 1A, reference symbol 10 denotes a substrate
which has an msulating surface, 11, a first electrode, and 12,
a first msulating film.

First, a conductive film 1s formed on the substrate 10 and
1s patterned to form the first electrode 11 constituted of a
metal or an alloy. Typically, the first electrode 1s formed
from an alloy containing one or more kinds of elements
selected from the group consisting of aluminum (Al), tung-
sten (W), molybdenum (Mo), tantalum (Ta), and titanium
(T1), or from an alloy containing silicon and one or more of
the above elements. Alternatively, a laminate of several
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conductive films may be used for the first electrode. The first
clectrode 11 1s 150 to 400 nm 1n thickness.

The first electrode 11 1s a scanning line connected to a
gate electrode that 1s formed later. The first electrode 11 may
function as a light-shielding layer for protecting an active
layer to be formed later from light. Here, a quartz substrate
1s used as the substrate 10, and a laminate of a polysilicon
film contaiming phosphorus (50 nm 1n thickness) and a
tungsten silicide (W—=S1) film (100 nm 1n thickness) 1s used
as the first electrode 11. The polysilicon film protects the
substrate from contamination by tungsten silicide.

Next, the first msulating film 12 (a silicon oxide film, a
silicon nitride film, a silicon oxynitride film, or like other
insulating film) 1s formed to a thickness of 100 to 1000 nm
(typically 300 to 500 nm) to cover the first electrode 11.
Here, a first mnsulating film A (12a) that 1s a silicon oxide
film formed by CVD to be a thickness of 100 nm and a {first
insulating film B (125) that 1s a silicon oxide film formed by
LPCVD to be a thickness of 280 nm are layered. (FIG. 1A)

The surface of the first msulating film 12 1s uneven
because of the previously formed first electrode 11. There-
fore the first msulating film 12 1s subjected to leveling
treatment. (FIG. 1B) If the first insulating film 1s a laminate
of plural mnsulating films, only a portion of the uppermost
insulating film that 1s positioned above the first electrode 11
may be polished. Alternatively, polishing may be continued
until lower msulating films are exposed.

The leveling treatment employs a known technique for
improving the levelness, for example, a polishing process
called as chemical mechanical polishing (hereinafter
referred to as CMP). When CMP 1s used, a preferred
polishing agent (slurry) of CMP for the first insulating film
12 1s fumed silica particles dispersed mm a KOH-added
aqueous solution. Fumed silica 1s obtained by thermal
pyrolysis of silicon chloride gas. The first msulating film
with 0.1 to 0.5 um 1s removed by CMP to level the surface.
The surface of the first insulating film may not necessarily
be polished. The level diference of the surface 1n the leveled
first insulating film 1s desirably 5 nm or less, more desirably,
1 nm or less. With the improved levelness of the first
insulating film, a gate msulating film that 1s formed later can
be made thin and the mobility of the TF'T can be improved.
In addition, the improved levelness can reduce OFF current
of a TFT formed.

Next, the surface of the first insulating film 1s washed with
an etchant contaiming fluoric acid in order to remove 1mpu-
rities such as K (potassium) used in CMP. Then a semicon-
ductor film which has a crystal structure i1s formed (thick-
ness: 10 to 100 nm).

The semiconductor film which has a crystal structure may
be formed by LPCVD or other methods. However, 1t 1s
preferred to form a semiconductor film which has an amor-
phous structure and then to obtain the semiconductor film
which has a crystal structure by crystallization treatment.
The semiconductor film which has an amorphous structure
1s formed from a semiconductor material containing silicon
as 1ts main component, typically an amorphous silicon film
or an amorphous silicon germanium film. Plasma CVD,
reduced pressure CVD, or sputtering i1s used to form the
amorphous semiconductor film.

Here, the semiconductor film which has a crystal structure
1s obtained by using laser processing apparatus shown 1n
FIG. 5, arranging semiconductor layers as shown in FIG. 6,
and a scanning method shown 1 FIGS. 7A to 7D.

The laser processing apparatus shown in the drawing has
a continuous wave type or pulse oscillation type solid-state
laser 51, lenses 32 for collecting laser beams, such as
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collimator lenses or cylindrical lenses, a fixed mirror 53 for
changing the light path of a laser beam, a galvanometer
mirror 54 for two-dimensional, radial scan of laser beam,
and a movable mirror 55 for receiving a laser beam from the
galvanometer mirror 34 and directing the laser beam to a
face of an irradiated object on a mount base 56. The optical
axis of the galvanometer mirror 54 crosses the optical axis
of the movable mirror 55 and the mirrors are rotated 1n a
direction O shown 1n FIG. 5. This allows a laser beam to scan
the entire surface of a substrate 57 placed on the mount base
56. The movable mirror 55 can also serve as a 10 mirror to
correct the beam shape on a face of an irradiated object by
correcting the light path diflerence. With the galvanometer
mirror 54 and the movable mirror 55, the laser processing
apparatus shown in FIG. 5 allows a laser beam to scan 1n one
axis direction of the substrate 537 placed on the mount base
56. If a half mirror 58, a fixed mirror 59, a galvanometer
mirror 60, and a movable mirror 61 are added to the laser
processing apparatus shown i FIG. 5, laser beams are
allowed to scan 1n two axis directions (directions X and Y)
simultaneously. With this structure, processing time can be
shortened. The galvanometer mirrors 54 and 60 may be
replaced by polygon mirrors.

A preferred laser 1s a solid-state laser that uses a crystal
such as YAG, YVO,, YLF, or YAL.O,, doped with Nd, Tm,
or Ho. Although the fundamental wave of the oscillation
wavelength 1s varied with depending on the material used in
doping, light with a wavelength between 1 um and 2 pm 1s
oscillated. In crystallizing the semiconductor film which has
an amorphous structure, the second harmonic to fourth
harmonic of the oscillation wavelength 1s preferred so that a
laser beam 1s selectively absorbed in the semiconductor film.
Typically, the second harmonic (532 nm) or third harmonic
(355 nm) of a Nd : YVO, laser (fundamental wave: 1064
nm) 1s employed. The harmonic 1s obtained by using a
non-linear optical element to convert laser light outputted
from a continuous wave YVO, laser with 10 W power.
Alternatively, a YVO, crystal and a non-linear optical ele-
ment are placed 1n a resonator to emit the harmonic. Pret-
erably, the laser light 1s shaped by an optical system so as to
have a rectangular shape or an elliptical shape on an irra-
diated surface and then irradiates the processed object. The
energy density needed at this point is 0.01 to 100 MW/cm”
(preferably 0.1 to 10 MW/cm?). The semiconductor film is
moved relatively to the laser light at a rate of 0.5 to 2000
cm/s during irradiation. It 1s preferable for laser light to
irradiate the surface of the semiconductor film at an angle so
that the incident light and reflected light at the back surface
of the substrate do not interfere each other. In this case, a
change 1n 1incident angle of laser light brings a great change
in retlectivity, and theretfore it 1s desirable to set the angle so
that a change in reflectivity of laser light 1s contained within
3%.

In addition to the solid-state laser, a gas laser such as an
argon laser, a krypton laser, or an excimer laser may be
employed.

The oscillation mode may be pulse oscillation mode or
continuous wave mode. The continuous wave mode 1s
preferred 1n order to obtain crystals with large grain size
through continuous crystal growth while keeping the semi-
conductor film molten.

When a TFT 1s formed on a substrate from a semicon-
ductor film crystallized by laser annealing to have a crystal
structure, high field eflect mobility can be obtained by
matching the crystal growth direction with the carrier mov-
ing direction. In other words, the field effect mobaility can be
enhanced substantially by making the crystal growth direc-
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tion and the channel length direction coincide with each
other. When a semiconductor film which has an amorphous
structure 1s crystallized by irradiating a continuous wave
laser beam, a solid-liquid interface 1s held and crystals can
grow continuously 1n the scanning direction of the laser
beam. The scanning direction of the laser beam 1s not limited
to a single direction and the laser beam may run to and {ro.

FIG. 6 shows 1n detail the 1irradiation direction of the laser
beam 1n relation to a substrate 62 on which TFTs are formed
later. Regions where a pixel portion 63 and driving circuit
portions 64 and 65 are formed are denoted by dotted lines in
the substrate 62 on which TFTs are formed later. Here, a
semiconductor film which has an amorphous structure 1s
patterned 1nto i1sland-like semiconductor films as shown in
FIG. 6 and then crystallized by laser light 1irradiation. Then,
patterning 1s conducted again to obtain shapes indicated by
the dotted lines. Thus obtained 1s a semiconductor {ilm 13 in
FIG. 1C.

The driving circuit portion 64, for example, 1s a region
where a scanming line driving circuit 1s formed. A semicon-
ductor region 74 of a TF'T and the scanning direction of a
laser beam 71 are shown 1n an enlarged view 77 (a region
surrounded by a dot-dash line) of a part of the driving circuit
portion 64. The semiconductor region 74 can take arbitrary
shape. Whatever shape the semiconductor region 74 takes,
its channel length direction matches the laser beam scanning
direction (the direction of the arrow 1n the drawing). The
driving circuit portion 65 extending in the direction that
intersects the driving circuit portion 64 1s a region for
forming a data line driving circuit. A semiconductor region
75 1n the dniving circuit portion 64 i1s aligned with the
scanning direction of a laser beam 72 (See an enlarged view
78). Sitmilarly, a channel length direction of a semiconductor
region 76 1n the pixel portion 63 1s aligned with the scanming
direction of a laser beam 73, as shown 1n an enlarged view
79. An 1msulating film may be formed prior to the laser beam
irradiation.

Alternatively, the patterming before crystallization may
not be carried out and the laser light 1rradiation for crystal-
lization may be performed to a semiconductor film which
has an amorphous structure over the entire surface of the
substrate. When a semiconductor film which has an amor-
phous structure 1s formed over the entire surface, semicon-
ductor regions for forming TF'Ts can be specified by align-
ment markers on ends of the substrate or the like.

A description will be given with reference to FIGS. 7TA
and 7D on a process of forming an active layer of a TFT
from a semiconductor film which has a crystal structure,
which 1s obtained by crystallizing a semiconductor film
which has an amorphous structure over the entire surface of
a substrate. FIG. 7B 1s a sectional view in which an
insulating film 82 i1s formed on a substrate 81, a first
clectrode 87 1s formed on the insulating film 82, and a
semiconductor film 83 which has an amorphous structure 1s
formed on first insulating films 86a and 865 that cover the
first electrode. When the substrate 81 1s a glass substrate, the
insulating film 82 prevents an alkali metal or other impuri-
ties of the substrate from diffusing into the semiconductor
film. The semiconductor film 1s 1rradiated with a laser beam
80 to be crystallized, and a semiconductor film 84 which has
a crystal structure 1s thus obtained. The laser beam 1is
obtained from the laser processing apparatus shown in FIG.
5. As shown 1 FIG. 7A, the scanning direction of the laser
beam 80 1s determined 1n accordance with the position of an
assumed semiconductor region 85 for a TF1. The beam
shape 1s arbitrary and may be rectangular, linear, or ellipti-
cal. An elliptical beam 1s preferred to crystallize a semicon-
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ductor film which has an amorphous structure. A laser beam
collected by an optical system may vary in energy intensity
between 1ts center and edges. Therefore, i1t 1s desirable to
avoid 1rradiating the semiconductor region 85 with an edge
of laser beam.

The laser beam may run only in one direction or may run
to and fro for reciprocating scanning. In the latter case, the
laser energy density may be changed for each scanning so as
to grow crystals 1n stages. The reciprocating scanning may
double as dehydrogenating treatment that 1s often necessary
in crystallizing amorphous silicon. In this case, the energy
density 1s set low to release hydrogen in the first time
scanning and then the energy density 1s raised to complete
crystallization in the second time scanning.

In this laser beam 1rradiation method, crystals can grow to
reach large grain size by irradiating continuous wave laser
beam. Of course, the details of the parameter, such as the
scanning speed and energy density of the laser beam, have
to be set appropriately. By setting the scanning speed to 10
to 80 cm/sec, crystals with large grain size can be obtained.
It 1s said that the crystal growth rate 1s 1 m/sec when a pulse
laser 1s used to experience melting and solidification. If the
scanning speed of the laser beam 1s set slower than the above
crystal growth rate to cool gradually, 1t allows crystals to
grow continuously at the solid-liquid interface and the
crystals can obtain large grain size.

Thereatfter, the thus obtained crystalline semiconductor
film 1s etched to be divided form an island-like semicon-
ductor region 89, as shown in FIGS. 7C and 7D. Then, 1f
necessary, a wiring, an interlayer insulating film, and the like
are formed to form an element.

In manufacturing an EL module, plural TFTs which have
different functions are provided in its pixel portion. For
example, the pixel portion 1s provided with a driving TFT
connected to a pixel electrode to control a current that tlows
into an EL element and a switching TF'T. In this case also,
it 1s desirable to give all TFTs the same channel length
direction and to make the channel length direction coincide
with the scanning direction of the laser beam.

The present invention 1s not limited to the above crystal-
lization method using laser light. Other laser crystallization
methods, a crystallization technique using nickel as a metal
clement that accelerates crystallization of silicon, a solid
phase growth method, or other crystallization techniques
may be employed in combination.

After the semiconductor film 13 i1s obtained by the above
laser light crystallization, the surface of the semiconductor
f1lm 1s washed with an etchant that contains fluoric acid to
remove an oxide film or impurities. Then a second 1nsulating
f1lm 14 mainly containing silicon 1s formed to serve as a gate
insulating film. (FIG. 1C) Desirably, 1t 1s carried out con-
tinuously to wash the surface and form the second 1nsulating
film 14 without exposing the substrate to the air.

Formed next 1s a contact hole reaching the first electrode
11. Here, a mask 1s formed from resist by a known photo-
lithography method, and then etching 1s selectively per-
formed to form the contact hole. When the resist mask 1s
removed by builer fluoric acid (HF) and, Na and other
impurities on the surface of the second insulating film 14 are
removed simultancously. (FIG. 1D)

Next, a second electrode 15 1s formed to be electrically
connected to the first electrode 11 through the contact hole.
With the first electrode 11 and the second electrode 15
clectrically connected to each other, the sub-threshold coet-
ficient become smaller and the ON current 1s increased as the
dielectric constant of the first insulating film 12 approaches
the dielectric constant of the second 1nsulating film 14.
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Next, the semiconductor film 1s appropriately doped with
an 1mpurity element that gives a semiconductor the n type
conductivity (such as P or As), here, phosphorus, to form
impurity regions 135. One of the impurity regions 135
serves as a source region and the other serves as a drain
region. The semiconductor film has a cannel formation
region 13a and the impunty regions 135 sandwiching the
channel formation region 13a. After doped with phosphorus,
the semiconductor film 1s subjected to heat treatment, 1rra-
diation of intense light, or laser light 1rradiation 1n order to
activate the impurity element. This not only activates the
impurity element but also repairs the plasma damage to the
second insulating film (gate insulating {ilm) and the plasma
damage to the interface between the second insulating film
(gate msulating film) and the semiconductor layer. It 1s
particularly eflective to activate the impurity element by
irradiating the front or back of the semiconductor film with
the second harmonic of YAG laser at a temperature between
room temperature and 300° C. A YAG laser 1s a preferable
activation measure since it does not require much mainte-
nance.

The subsequent steps to complete the TFT include form-
ing a third insulating film 16, hydrogenation, forming con-
tact holes that reach the impurity regions 135, and forming,
wirings 17 one of which serves as a source electrode and the
other of which serves as a drain electrode. (FIG. 1E)

The field effect mobility and the sub-threshold coetlicient
become smaller and the ON current i1s increased as the
uniform thickness of the first msulating film 12 1n an area
where the first electrode 11 overlaps the channel formation
region 13a approaches the uniform thickness of the second
insulating film 14 1n an area where the second electrode 135
overlaps the channel formation region. When the thickness
of the first insulating film 1n an area overlapping the first
clectrode 11 1s given as dl1 and the thickness of the second
insulating film 1n an area overlapping the second electrode
15 1s given as d2, Id1-d2l//d1=0.1 and Id1-d2I/d2=0.1 are
desirably satisfied. More desirably, Id1-d2l/d1=0.05 and
ld1-d2l/d2=0.05 are satisfied.

Most desirably, the threshold of the thin film transistor of
when the ground voltage 1s applied to the first electrode 11
1s set almost equal to the threshold of the thin film transistor
of when the ground voltage 1s applied to the second elec-
trode 15 while the first electrode 11 and the second electrode
15 are not electrically connected to each other, and then the
first electrode 11 and the second electrode 15 are electrically
connected to each other. In this way, the filed eflect mobaility
and sub-threshold coetlicient can be reduced more and the
ON current can be 1ncreased more.

This structure allows the semiconductor film to have
channels over and under (dual channels), thereby improving
the TFT characteristics.

At the same time the first electrode 11 1s formed, wirings
for transmitting various signals or power can be formed. If
combined with planarization treatment by CMP, it does not
aflect the semiconductor film and others to be formed on the
wirings. The wiring density can be enhanced by multi-layer
wiring.

In FIG. 1E, a sectional view taken along the line A—A' of
the left-hand sectional view 1s shown 1n the right-hand. The
first electrode 11 and the second electrode 15 are directly
connected to each other in the example shown here. A
common voltage may be applied to one of the electrodes. If
a common voltage 1s applied to the first electrode, tluctua-
tion in threshold can be reduced and the OFF current can be
lowered compared to the case 1n which only one electrode 1s
provided.
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TFTs are divided into top gate type (planar type), bottom
gate type (reverse stagger type), and other types by arrange-
ment of a gate insulating film and gate electrode. Regardless
of TFT types, the semiconductor film has to be thinned 1n
order to reduce the sub-threshold coeflicient. In forming a
TFT from a semiconductor film obtained by crystallizing an
amorphous semiconductor film, the crystallimty becomes
poor as the amorphous semiconductor film 1s reduced in
thickness and a simple effect of thinned semiconductor film
cannot be obtained. However, electrically connecting the
first electrode to the second eclectrode so that the two
clectrodes above and below the semiconductor film overlap
cach other as shown 1 FIG. 1E provides substantially the
same ellect as reducing the thickness of the semiconductor
film, namely, fast depletion upon application of voltage,
reduction 1n field effect mobility and sub-threshold coetli-
cient, and increase 1n ON current.

The present mnvention 1s not limited to the TF'T structure
of FIG. 1F and, if necessary, may take a lightly doped drain
(LDD) structure in which an LDD region 1s interposed
between a channel formation region and a drain region (or
a source region). In the LDD structure, a region lightly
doped with an impurity element 1s interposed between a
channel formation region and a source region or drain region
heavily doped with an impurity element. The lightly-doped
region 1s called an LDD region. The present invention may
also employ a GOLD (gate-drain overlapped LDD) structure
in which an LDD region 1s arranged to overlap a gate
clectrode with a gate insulating film interposed therebe-
tween.

The example here uses an n-channel TF'T. However, i1t can
be a p-channel TFT if a p type impurity element 1s used
instead of the n type impurity element.

Embodiment Mode 2

An example of manufacturing a TFT by a procedure
different from the one 1n the above Embodiment Mode 1 1s
shown in FIGS. 2A to 2F.

FIG. 2A 1s 1dentical with FIG. 1A. FIG. 2B 1s 1dentical
with FIG. 1B. This embodiment mode follows Embodiment
Mode 1 until the state of FIG. 2B 1s reached.

After the state shown in FIG. 2B 1s reached, a second
insulating film 28 1s formed. An insulating film mainly
containing silicon 1s used as the second insulating film 28.
On the second msulating {ilm 28, a semiconductor film 23 1s
formed following the procedure of Embodiment Mode 1
described above.

Next, the surface of the semiconductor film 1s washed
with an etchant that contains tluoric acid to remove an oxide
film or impurities. Then a third msulating film 24 mainly
containing silicon 1s formed to serve as a gate insulating
film. (FIG. 2C) Desirably, the surface washing and forma-
tion of third insulating film 24 are carried out continuously
without exposing the substrate to the air.

Formed next 1s a contact hole reaching the first electrode
21. Here, a mask 1s formed from resist by a known photo-
lithography method and then selectively etched to form the
contact hole. The resist mask 1s removed by bufler fluoric
acid (HF) and, at the same time, Na or other impurities on
the surface of the third insulating film 24 are removed. (FIG.
2D)

Next, a second electrode 25 1s formed to be electrically
connected to the first electrode 21 through the contact hole.
With the first electrode 21 and the second electrode 25
clectrically connected to each other, the field effect mobaility
and the sub-threshold coeflicient become smaller and the
ON current 1s increased as the dielectric constant of the first
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insulating film 22, the dielectric constant of the second
insulating film 28, and the dielectric constant of the third
insulating film 24 approach to each other.

Next, the semiconductor film 1s appropriately doped with
an 1mpurity element that gives a semiconductor the n type
conductivity (such as P or As), here, phosphorus, to form
impurity regions 23b. One of the impurity regions 235
serves as a source region and the other serves as a drain
region. The semiconductor film has a cannel formation
region 23a and the impunty regions 235 sandwiching the
channel formation region 23a. After doped with phosphorus,
the semiconductor film 1s subjected to heat treatment, 1rra-
diation of intense light, or laser light 1rradiation 1n order to
activate the impurity element.

The subsequent steps to complete the TEFT include form-
ing a fourth nsulating film 26, hydrogenation, forming
contact holes that reach the mmpunty regions 235, and
forming wirings 27 one of which serves as a source electrode
and the other of which serves as a drain electrode. (FIG. 2E)

In FI1G. 2E, a sectional view taken along the line A—A' of
the left-hand sectional view 1s shown in the right-hand.

Embodiment Mode 3
An example ol manufacturing a TFT by a procedure

different from the one in the above Embodiment Mode 1 1s
shown 1n FIGS. 3A to 3E.

FIG. 3A 1s 1identical with FIG. 1A. FIG. 3B 1s identical
with FIG. 1B. FIG. 3C 1s identical with FIG. 1C. This
embodiment mode follows Embodiment Mode 1 until the
state of FIG. 3C 1s reached.

After the state of FIG. 3C 1s reached, the surface of the
second 1nsulating film (gate mnsulating film) 34 1s washed to
form a second electrode 35 that serves as a gate electrode.
Next, the semiconductor film 1s appropriately doped with an
impurity element that gives a semiconductor the n type
conductivity (such as P or As), here, phosphorus, to form
impurity regions 335. One of the impurity regions 335
serves as a source region and the other serves as a drain
region. Alter doped with the impurity element, the semicon-
ductor film 1s subjected to heat treatment, irradiation of
intense light, or laser light irradiation in order to activate the
impurity element. Then a third mnsulating film 36 1s formed
to cover the second electrode 35 and the semiconductor film
1s hydrogenated. (FIG. 3D)

Formed next are contact holes reaching the impurity
regions 33b, a contact hole reaching the first electrode 31,
and a contact hole reaching the second electrode. These
contact holes may be formed simultaneously or separately.
Wirings 37 one of which serves as a source electrode and the
other of which serves as a drain electrode are formed, and a
wiring 39 for connecting the first electrode 31 and the
second electrode 35 to each other 1s formed to complete the
TFT. (FIG. 3E) The wirings 37 and the wiring 39 may be
formed from the same material or different materials.

In FI1G. 3E, a sectional view taken along the line A—A' of
the left-hand sectional view 1s shown in the right-hand.

Embodiment Mode 4

An example of manufacturing a TFT by a procedure
different from the one in the above Embodiment Mode 2 1s
shown 1n FIGS. 4A to 4E.

FIG. 4A 1s 1dentical with FIG. 2A. FIG. 4B 1s 1dentical
with FIG. 2B. FIG. 4C 1s identical with FIG. 2C. This
embodiment mode {follows Embodiment Mode 1 and
Embodiment Mode 2 until the state of FIG. 2C is reached.

After the state of FIG. 4C 1s reached, the surface of the
third insulating film 44 (gate insulating film) 1s washed to
form a second electrode 45 that serves as a gate electrode.
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Next, the semiconductor film 1s appropriately doped with an
impurity element that gives a semiconductor the n type
conductivity (such as P or As), here, phosphorus, to form
impurity regions 335. One of the impurity regions 435b
serves as a source region and the other serves as a drain
region. Alter doped with the impurity element, the semicon-
ductor film 1s subjected to heat treatment, irradiation of
intense light, or laser light irradiation 1n order to activate the
impurity element. Then a fourth insulating film 46 1s formed
to cover the second electrode 45 and the semiconductor film

1s hydrogenated. (FIG. 4D)

Formed next are contact holes reaching the impurity
regions 43b, a contact hole reaching the first electrode 41,
and a contact hole reaching the second electrode. These
contact holes may be formed simultaneously or separately.
Wirings 47 one of which serves as a source electrode and the
other of which serves as a drain electrode are formed, and a
wiring 49 for connecting the first electrode 41 and the
second electrode 45 to each other 1s formed to complete the
TFT. (FIG. 4E) The wirings 47 and the wiring 49 may be
formed from the same material or different materials.

In FIG. 4E, a sectional view taken along the line A—A' of
the left-hand sectional view 1s shown in the right-hand.

Embodiment Mode 5

An example of specific circuit structure in an ELL module
1s shown 1n FIGS. 25A to 27B.

In FIG. 25A, reference symbol 620 denotes a pixel
portion in which a plurality of pixels form a matrix pattern.
Each of the pixels 1s denoted by 621. Denoted by 622 15 a
signal line driving circuit, and 623, a scanning line driving
circuit.

Although the signal line drniving circuit 622 and the
scanning line driving circuit 623 are formed on the same
substrate where the pixel portion 620 1s formed 1n FIG. 25A,
the present mvention 1s not limited to this structure. The
signal line driving circuit 622 and the scanning line driving,
circuit 623 may be formed on a substrate different from the
one on which the pixel portion 620 1s formed and may be
connected to the pixel portion 620 through a connector such
as an FPC. The module of FIG. 25A has one signal line
driving circuit 622 and one scanning line driving circuit 623
but the present invention 1s not limited to this structure. The
number of signal line driving circuit 622 and the number of

scanning line driving circuit 623 can be set at designer’s
discretion.

In this specification, connection means electric connec-
tion.

The pixel portion 620 1n FIG. 25A has signal lines S1 to
Sx, power supply lines V1 to Vx, scanming lines G1 to Gy,
and wirings to which a common electric potential (Vcom) or
an arbitrary voltage (V) 1s applied. The number of signal
lines may not always match the number of power supply
lines. Other wirings may be added to these wirings.

The power supply lines V1 to Vx are kept at a given
clectric potential. FIG. 25A shows the structure of a light
emitting device that displays a monochrome 1mage but the
present invention may be a light emitting device for dis-
playing a color image. In this case, not all of the power
supply lines V1 to Vx are kept at the same level of electric
potential and power supply lines for different colors have
different levels of electric potential.

The wirings to which a common electric potential (Vcom)
or an arbitrary voltage (V) 1s applied are also connected to
a constant current circuit 6224 of the signal line driving
circuit 622.
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FIG. 25B 1s a block diagram showing an example of
detailed structure of the signal line driving circuit 622 that
1s shown 1n FIG. 25A. Denoted by 6224 1s a shiit register,
622b, a memory circuit A, 622¢, a memory circuit B, and
622d, the constant current circuit.

Clock signals CLK and start pulse signals SP are inputted
to the shift register 622a. Digital video signals are inputted
to the memory circuit A 62256 and latch signals are inputted
to the memory circuit B 622¢. A constant signal current Ic
outputted from the constant current circuit 6224 1s inputted
to the signal lines.

When clock signals CLK and start pulse signals SP are
inputted from given wirings to the shift register 622q, timing
signals are generated. The timing signals are respectively
inputted to plural latches A (LATA_1 to LATA_x) of the
memory circuit A 622b6. The timing signals generated 1n the
shift register 622a may be bullered and amplified by a butler

or the like before they are respectively inputted to the plural
latches A (LATA_1 to LATA_x) of the memory circuit A

622b.

As the timing signals are mputted to the memory circuit
A 622b, one bit of digital video signals to be inputted to

video signals lines are sequentially written and held 1n the
plural latches A (LATA_1 to LATA_X) i sync with the
timing signals.

To input digital video signals to the memory circuit A
622b, here digital video signals are sequentially mputted to
the plural latches A (LATA_1 to LATA_X) of the memory
circuit A 6225. However, the present invention 1s not limited
thereto and may employ so-called division driving 1n which
plural stages of latches of the memory circuit A 6225 are
divided into several groups and digital video signals are
inputted to each group concurrently. The number of groups
in division driving 1s called division number. For instance, 1f
four stages of latches make one group, it 1s four-division
driving.

A time period required to write digital video signals 1n all
stages of latches of the memory circuit A 6225 once 1s called
a line period. In practice, the line period described above
plus a horizontal retrace period are sometimes regarded as a
line period.

As one line period 1s ended, latch signals are supplied
through latch signals lines to a plurality of latches B
(LATB_1 to LATB_x) of the memory circuit B 622¢. In this
instant, the digital video signals that have been held in the
plural latches A (LATA_1 to LATA_X) of the memory circuit
A 622) are written at once 1n the plural latches B (LATB_1
to LATB_x) of the memory circuit B 622¢ to be held therein.

After sending the digital video signals to the memory
circuit B 622¢, the memory circuit A 6225 sequentially
receives next one bit of digital video signals in response to
timing signals from the shift register 622a.

During the one line period that comes the second time, the
digital video signals written and held 1n the memory circuit
B 622¢ are inputted to the constant current circuit 6224

FIG. 27A shows a more detailed structure of a current
setting circuit C1. Current setting circuits C2 to Cx also have
this same structure. FIG. 27B shows equivalent circuits of
SW and Inb 1n FIG. 27A. In an example shown 1n FIG. 27B,
wirings for forming channels above and below a semicon-
ductor film (dual channels) are directly connected to gate
electrodes and Vx=V ;. 1s satisfied. However, some or all of
wirings may be set to a common voltage (Vcom) or ground
voltage. This can reduce fluctuation in threshold and can
lower OFF current compared to the case where only one
clectrode 1s provided.
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The current setting circuit C1 has a constant current
source 631, four transmission gates SW1 to SW4, and two
inverters Inb1 and Inb2. The polarity of a transistor 630 of
the constant current source 631 1s the same as the polarity of
transistors Trl and Tr2 of a pixel.

Switching of SW1 to SW4 i1s controlled by digital video
signals outputted from LATB_1 of the memory circuit B
622c. Dagital video signals inputted to SW1 and SW3 and
digital video signals inputted to SW2 and SW4 are inverted
by Inb1l and Inb2. Accordingly, SW2 and SW4 are OFF
when SW1 and SW3 are ON whereas SW2 and SW4 are ON
when SW1 and SW3 are OFF.

When SW1 and SW3 are ON, a given amount of current
Ic which 1s not O 1s mnputted from the constant current source
631 through SW1 and SW3 to the signal line S1.

On the other hand, when SW2 and SW4 are ON, a current
Ic from the constant current source 631 1s dropped to the
ground through SW2. Also, the power supply electric poten-
tial of the power supply lines V1 to Vx 1s given to the signal
line S1 through SW4 and Ic=0 1s satisfied.

Reference 1s made again to FIG. 25B. The operation
described above 1s carried out simultaneously 1n all of the
current setting circuits (C1 to Cx) of the constant current
circuit 6224 1n one line period. Therefore the value of signal
current Ic to be mputted to every signal line 1s chosen by
digital video signals.

Next, the structure of the scanning line driving circuit will
be described.

The scanning line driving circuit has a shift register and
a bufler. It may have a level shifter in some cases.

Timing signals are generated in the scanning line driving
circuit when clock signals CLK and start pulse signals SP
are mputted to i1ts shuft register. The timing signals generated
are buflered and amphﬁed in the bufler and then supplied to
a designated scanning line.

Gates of transistors of one line of pixels are connected to

cach scanning line. Since transistors of one line of pixels
have to be turned ON at once, the buil

er used should be
capable of allowing a large amount of current to flow.

A circuit capable of selecting a scanming line, such as a
decoder circuit, may be employed instead of the shiit
register.

Voltages of scanning lines may be controlled by a plural-
ity of scanning line driving circuits associated with the
respective scanning lines. Alternatively, voltages of several
or all scanning lines may be controlled by one scanning line
driving circuit.

The signal line driving circuit and scanning line driving
circuit for driving a light emitting device of the present
invention are not limited to the structures shown here.

FIG. 26 shows an example of detailed structure of the
pixel 621 shown 1n FIG. 25A. The pixel 621 1n FIG. 26 has
a signal line S1 (one of S1 to Sx), a scanning line Gy (one of
G1 to Gy), a power supply line Vi (one of V1 to Vx), and a
wiring to which a common voltage (Vcom) or an arbitrary
voltage (V) 1s applied.

Also, the pixel 621 has at least a transistor Trl (first
driving transistor or first transistor), a transistor Tr2 (second
driving transistor or second transistor), a transistor Tr3 (third
driving transistor or third transistor), a transistor Trd (first
switching transistor or fourth transistor), a transistor Tr5
(second switching transistor or fifth transistor), an OLED
624, and a storage capacitor 625. By employing the pixel
structure shown in FIG. 26, the amount of current flowing
into a light emitting element can be controlled without being
influenced by TFT characteristics. In addition, the pixel

structure of FIG. 26 can provide a current driving type light
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emitting device i which fluctuation 1n luminance between
light emitting elements of pixels due to difference in TFT
characteristics 1s reduced and insistence of 1mage 1s hardly
recognized.

In each of these transistors (1rl, Tr2, Tr3, Trd, and TrS5),
wirings to which a common voltage (Vcom) or an arbitrary
voltage (V) 1s applied form channels over and under a
semiconductor film (dual channels). In this way, fluctuation
in threshold can be reduced and the OFF current can be
lowered compared to the case 1n which only one electrode 1s
provided. In the example shown here, all the wirings are
directly connected to gate electrodes and Vx=V ;-1s satisfied.
However, some or all of wirings may be set to a common
voltage (Vcom) or ground voltage.

Gate electrodes of the transistor 1r4 and transistor Tr3 are
both connected to the scanning line Gj.

The transistor Trd has a source region and a drain region
one of which 1s connected to the signal line S1 and the other
of which 1s connected to a drain region of the transistor Trl.
The transistor Ir5 has a source region and a drain region one
of which 1s connected to the signal line S1 and the other of
which 1s connected to a gate electrode of the transistor Tr3.

Gate electrodes of the transistor Trl and transistor Tr2 are
connected to each other. Source regions of the transistor Trl
and transistor 1r2 are both connected to the power supply
line Vi.

A gate electrode of the transistor Tr2 1s connected to its
drain region. The drain region of Tr2 1s connected to a source
region of the transistor Tr3.

A drain region of the transistor Tr3 1s connected to a pixel
clectrode of the OLED 624. The OLED 624 has an anode
and a cathode. In this specification, when an anode 1s used
as a pixel electrode, a cathode 1s called an opposite electrode
whereas an anode called an opposite electrode when a
cathode serves as a pixel electrode.

The level of electric potential of the power supply line Vi
(power supply electric potential) 1s kept constant. The level
of electric potential of the opposite electrode 1s also kept
constant.

The transistor Trd may be an n-channel transistor or a
p-channel transistor and the same applies to the transistor
1rS5. However, the transistor Tr4 and the transistor Ir5 have
to have the same polanty.

The transistor Trl may be an n-channel transistor or a
p-channel transistor and the same applies to the transistors
1r2 and Tr3. However, the transistors Trl, 1r2, and Tr3 have
to have the same polarity. When the anode 1s used as the
pixel electrode and the cathode serves as the opposite
clectrode, the transistors Irl, 1r2, and Tr3 are p-channel
transistors. On the other hand, when the anode 1s used as the
opposite electrode and the cathode serves as the pixel
electrode, the transistors Trl, Tr2, and Tr3 are n-channel
transistors.

The storage capacitor 625 1s formed between the gate
clectrode of the transistor Tr3 and the power supply line Vi.
The storage capacitor 625 i1s provided to maintain the
voltage between the gate electrode and source region of the
transistor 1r3 (gate voltage) more securely.

Alternatively, the storage capacitor may be formed
between the gate electrodes of the transistors Trl and Tr2
and the power supply line to maintain the gate voltages of

the transistors Trl and Tr2 more securely.
Either the above-described TEFTs (Trl to 1r5) of the pixel

portion or the TFTs (SW1 to 4, Inbl, and Inb2) of the driving
circuits may be arranged to have the same channel length
direction, which 1s matched to the laser beam scanning
direction. However, 1t 1s desirable to give all TFTs of the
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pixel portion and of the driving circuits the same channel
length direction and to make the channel length direction
coincide with the laser beam scanning direction.

The present invention 1s not limited to the above crystal-
lization method using laser light. Other laser crystallization
methods, a crystallization technique using nickel as a metal
clement that accelerates crystallization of silicon, and a solid
phase growth method and like other crystallization tech-
niques may be employed in combination.

This embodiment mode may be combined freely with any
one of Embodiment Modes 1 through 4.

Embodiment Mode 6

An example of forming a CPU and a memory on a
substrate having an insulating surface will be described with
reference to FIG. 32.

Retference symbol 1001 denotes a central processing unit
(called CPU), 1002, a control unit, 1003, a computing unit,
1004, a memory unit (memory), 1005, an mput unit, and
1006, an output unit (display unit or the like).

The computing unit 1003 and the control unit 1002
constitute the central processing unit 1001. The computing
umt 1003 1s composed of an arithmetic logic unit (ALU),
various registers, a counter, and other components. The ALU
1s for arithmetic operations such as addition and subtraction
and for logical operations such as AND, OR, and NOT. The
registers temporarily store computation data and results. The
counter counts up the number of 1 mputted. Circuits that
constitute the computing unit 1003, for example, an AND
circuit, an OR circuit, a NOT circuit, a buller circuit, and a
register circuit, can be built from TFTs. The TFTs use as
their active layers semiconductor films crystallized by con-
tinuous wave laser light 1n order to obtain high field effect
mobility. In this embodiment also, the channel length direc-
tion of TFTs that constitute the computing unit 1003 1s
matched to the laser beam scanning direction.

The control unit 1002 executes command stored in the
memory unit 1004 to control the operation of the entire
device. The control unit 1002 1s composed of a program
counter, a command register, and a control signal generating
unit. The control unit 1002 also can be built from TFTs,
which use as their active layers semiconductor films crys-
tallized by continuous wave laser light. In this embodiment
also, the channel length direction of TFTs that constitute the
control unit 1002 i1s matched to the laser beam scanning
direction.

The memory unit 1004 1s where data and command for
calculation are stored, and the unit 1004 stores data and
programs that are Irequently executed in the CPU. The
memory umt 1004 1s composed of a main memory, an
address register, and a data register. In addition to the main
memory, the unit 1004 may have a cash memory. These
memories are SRAM, DRAM, flash memories, or the like.
When the memory circuit 1004 1s built from TF'Ts, the TFTs
may use as their active layers semiconductor films crystal-
lized by continuous wave laser light. In this embodiment
also, the channel length direction of TFTs that constitute the
memory unit 1004 1s matched to the laser beam scanning
direction.

The mput unit 1005 1s a device for fetching data and
programs in from the external. The output umt 1006 1s a
device for displaying results, typically a display device.

By matching the channel length direction of TFTs with the
laser beam scanning direction, a CPU with less fluctuation
can be constructed on an insulating substrate. It 1s also
possible to build a CPU and a display umit on the same
substrate. Preferably, the channel length direction of plural
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TFTs 1n respective pixels in the display unit also coincides
with the laser beam scanning direction.

It 1s also possible to build a CPU, a display unit, and a
memory on the same substrate although the circuit design
and manufacture process 1s complicated.

According to the present invention, a semiconductor
device with less fluctuation in electric characteristic can be
constructed on an isulating substrate.

This embodiment mode may be combined freely with any
one of Embodiment Modes 1 through 5. For instance, a
display umit which has a TFT1, pixel structure, and EL
clement shown 1n Embodiment Modes 1 through 5 can be
manufactured on the same substrate where the CPU 1s
tabricated.

More detailed description will be given on the present
invention structured as above through the following embodi-
ments, which show specific examples of applying the
present mvention to semiconductor devices represented by
active matrix light emitting devices.

EMBODIMENTS

Embodiment 1

In this embodiment, steps of manufacturing a semicon-
ductor device according to the present invention will be
described. In addition, a method of manufacturing TF1’s for
a pixel portion will be described 1n detail here. Note that, this
embodiment shows an example that a common voltage
(Vcom) or an arbitrary voltage (VX) 1s applied to a first
clectrode on TFT used as a switching element (switching
TFT) and a first electrode and a second electrode are
connected to each other on TFT controlling current which
flows to the light emitting element (driving TFT). Further,
although the method of manufacturing TF'1’s for the pixel
portion 1s only described 1n this embodiment, TFT’s for a
driver circuit may also be manufactured simultaneously.

FIGS. 8A to 11 are cross-sectional views for explaining
the light emitting device manufacturing steps. FIGS. 12A to
14 are corresponding top views thereot. For the convemence
of explanation, common reference symbols are used therein.

In FIG. 8A, a substrate made of an arbitrary material can
be used as a substrate 101 as long as the substrate has an
insulating film and resists treatment temperature in later
steps. Typically, a glass substrate, a quartz substrate, a
ceramic substrate or the like can be used. Alternatively, a
substrate such as a silicon substrate, a metal substrate or a
stainless substrate having an insulating film formed on the
surface thereol may be used. It 1s also possible to use a
plastic substrate having heat resistance against the treatment
temperature in this embodiment.

A first wiring 105 and first electrodes 103, 104 and 106 are
formed on the insulating surface of the substrate 101. Each
of the first wiring 105 and the first electrodes are formed out
ol a conductive material made of one or a plurality of types
of elements selected from among Al, W, Mo, 11 and Ta. In
this embodiment, tungsten (W) 1s used as the material of the
first wiring 105. Alternatively, a conductive material having
tungsten (W) layered on TaN may be used as each of the first
wiring and the first electrodes.

After forming the first wiring 105 and the first electrodes
103, 104 and 106, a first insulating film 102 1s formed. In this
embodiment, the first mnsulating film 102 1s formed by
layering two insulating films (a first insulating film A 102a
and a first insulating film B 10256). The first msulating film
A 102a 1s formed out of a silicon oxide nitride film to have

a thickness of 10 to 50 nm. The first mnsulating film B 1025
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1s formed out of a silicon oxide film or a silicon oxide nitride
film to have a thickness of 0.5 to 1 um.

FIG. 12A 1s a top view of a pixel portion shown 1n FIG.
8A. A cross-sectional view taken along line A—A', B-B',
C—C', and D-D' corresponds to the FIG. 12A. Note that, the
first electrodes 103 and 104 form a part of a common wiring
200. Further the first electrode 106 forms a part of the first
wiring 105.

The surface of the first msulating film 102 has often
irregularities resulting from the first wiring and the {first
clectrodes formed prior to the first insulating film 102. It 1s
preferable to flatten these 1rregularities. As a planarization
method, the CMP method 1s used. As an abrasive material
(slurry) for the CMP applied to the first insulating film 102,
a KOH-added aqueous solution into which foamed silica
particles obtained by pyrolysis of silicon chloride gas are
dispersed, for example, may be used. By the CMP, the first
insulating film 102 1s removed by a thickness of about 0.1
to 0.5 um to thereby flatten the surface thereof.

As a result, as shown 1n FIG. 8B, the flattened first
insulating film 108 1s formed. A semiconductor layer is
formed on the first insulating film 108. The semiconductor
layer 1s formed out of semiconductor of a crystal structure.
The semiconductor layer can be obtained by crystallizing an
amorphous semiconductor layer formed on the first insulat-
ing film 108. After being deposited, the amorphous semi-
conductor layer 1s crystallized by a heat treatment or laser
irradiation. Although the material of the amorphous semi-
conductor layer 1s not limited to a specific one, the amor-
phous semiconductor layer 1s preferably formed out of
silicon, silicon germanium (S1,Ge,_, where O<x<l1, typi-
cally x=0.001 to 0.05) alloy or the like.

A semiconductor film having crystalline structure is

formed by using a laser processing apparatus in FIG. 5 1n
accordance with the method described in Embodiment Mode
1. Further, the semiconductor film is distributed 1n accor-
dance with Embodiment Mode 1, thereby matching the
direction of the channel length of the semiconductor layer
and the scanning direction of laser light.

Thereafter, the semiconductor layer i1s etched to be
divided 1nto banded sections to thereby form semiconductor
films 109 to 111 as shown 1n FIG. 8C.

FIG. 12B 1s a top view of FIG. 8C. A cross-sectional view
taken along line A-A', B-B', C—(C', and D-D' in FIG. 8C
corresponds to the FIG. 12B. Note that FIG. 12B shows a
laser beam and the direction of scanning the laser beam.
(direction of the arrow 1n FIG. 12)

The first electrodes 103 and 104 are overlapped with the
semiconductor film 109 with the first insulating film 108
interposed therebetween. In addition, the first electrode 106
1s overlapped with the semiconductor film 110 with the first
insulating film 108 interposed therebetween. A semiconduc-
tor film 111 1s provided to form a capacitance and over-
lapped with the first wiring 105 with the first insulating film
108 interposed therebetween.

Next, a second 1insulating film 112 which covers the
semiconductor films 109 to 111 1s formed. The second
insulating film 112 1s formed out of insulator containing
silicon by a plasma CVD method or a sputtering method.
The thickness of the second 1nsulating film 112 1s 40 to 150
nm.

A contact hole 113 1s formed on the first msulating film
108 and the second 1nsulating film 112 so as to expose a part
of the wiring 105 (FIG. 8D).

As shown 1 FIG. 9A, conductive films for forming a
second gate electrode and a second wiring, are formed on the
second insulating film 112. According to the present mnven-




Uus 7,317,205 B2

23

tion, the second gate electrode 1s formed by layering two or
more conductive films. A first conductive film 120 provided
on the second insulating film 112 1s formed out of a nitride
of high melting point metal such as molybdenum or tung-
sten. A second conductive film 121 provided on the first
conductive film 120 1s formed out of high melting point
metal, low resistance metal such as copper or aluminum or
polysilicon. More specifically, as the first conductive film, a
metal nitride of one or a plurality of elements selected from
among W, Mo, Ta and 11 1s used. As the second conductive
f1lm, alloy of one or a plurality of elements selected from W,
Mo, Ta, Ti, Al and Cu or n type polycrystalline silicon 1s
used. For example, the first conductive film 120 may be
formed out of TaN and the second conductive film 121 may
be formed out of tungsten (W). If the second gate electrode
or the second wiring 1s formed out of three layers of
conductive films, the first layer may be an Mo film, the
second layer may be an Al film and the third layer may be
a TiN film. Alternatively, the first layer may be a W {ilm, the
second layer may be an Al film and the third layer may be
a TiN film. By providing a multilayer wiring, the thickness
of the wiring 1tself increases to make it possible to suppress
wiring resistance.

A shown 1 FIG. 9B, the first etching treatment i1s con-
ducted for the first conductive layer 120 and the second
conductive layer 121 by using a mask 122. First shape type
clectrodes 123 to 129 each having tapered end sections
(which electrodes consist of the first conductive films 1234
to 129¢ and the second conductive films 12356 to 1295,
respectively) are formed by the first etching treatment. The
surface of the second insulating film 112 1s etched and
thinned by a thickness of about 20 to 50 nm 1n the sections
in which the second mnsulating film 112 1s not covered with
the first shape type electrodes 123 to 129.

The first doping treatment 1s carried out by an 10n 1njec-
tion method or an 1on doping method for injecting ions
without causing mass separation. In the doping, using the
first shape type electrodes 124 to 126 and 129 as masks, first
concentration, one conductive type impurity regions 151 to
153 are formed in the semiconductor films 109 to 111,
respectively. The first concentration is set at 1x10°° to
1.5%10%" /cm”.

Next, the second etching treatment 1s carried out as shown
in FIG. 9C without removing a mask made of resist. In the
second etching treatment, second shape type electrodes 134
to 140 (which consist of first conductive films 134a to 140a
and second conductive films 13456 to 1405, respectively) are
formed by subjecting the second conductive film to aniso-
tropic etching. The second shape type electrodes 134 to 140
are formed so that the widths thereof are reduced by the
second etching treatment and the end sections thereof are
located inward of the first concentration, one conductive
type impurity regions 151 to 153 (second impurity regions).
As shown 1n the next step, the length of an LDD 1s
determined according to each reduced width. The second
shape type electrodes 134 to 140 function as second elec-
trodes, respectively.

FIG. 13A 1s a top view of FIG. 9C. A cross-sectional view
taken along line A—A', B-B', C-C', and D-D' 1n FIG. 9C
corresponds to the FIG. 13A. The second shape type elec-
trodes 135 and 136 form a part of an electrode 138 and 139
functioning as a gate wiring. The second shape type elec-
trodes 135 and 136 are overlapped with the first electrodes
103 and 104, respectively, with the first insulating film 108,
the semiconductor layer 109 and the second insulating film
112 interposed therebetween. The second shape type elec-
trode 140 1s overlapped with the first electrode 106 with the
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first insulating film 108, the semiconductor layer 110 and the
second 1nsulating film 112 interposed therebetween.

In addition, the second shape type electrode 140 forms a
part of the electrode 137 functioning as the second wirings.
The second wirings 137 1s overlapped with the first wiring
105 with the second insulating film 112, the semiconductor
layer 111 and the first msulating film 108 interposed ther-
cbetween. The second wiring 137 1s connected to the first
wiring 105 through the contact hole 113. The electrode 134
functions as source wirings.

In this state, the second doping treatment 1s carried out to
thereby 1nject one conductive type impurities into the semi-
conductor films 109 to 111 (FIG. 9C). Second concentration,
one conductive type impurity regions (first impurity regions)
155, 156, 158, 159, 161, 162, 164, 165, 168, 169, 171, 172,
175, and 176 are formed by the second doping treatment.
First impurity regions 156, 158, 162, 164, 169, 171, and 175
are formed to be overlapped with the first conductive films
135a to 137a and 140a which constitute the second shape
type electrodes 135 to 137 and 140 1n a self-aligning manner,
respectively. Since the impurities doped by the 1on doping
method are passed through the first conductive films 1354 to
137a and 1404 and then added to the semiconductor films,
the number of 1ons which reach the semiconductor films
decreases and the 1on concentration of each semiconductor
film, quite naturally, becomes low. The concentration is
1x10 to 1x10"/cm’. Moreover, the first impurity regions
155, 159, 161, 165, 168, 172, and 176 are formed not to be
overlapped With the first conductive films 1354 to 1374 and
140a which constitute the second shape type electrodes 135
to 137 and 140 in self-aligning manner, respectively.

Further, the second impurity regions 154, 160, 166, 167,
173, and 177 having higher impurity concentration than that
of the channel forming regions 157, 163, 170, and 174 and
the first concentration, one conductive type impurity regions
151 to 153 are formed by the second doping treatment.

Next, as shown in FIG. 10A, masks 143 made of resist are
formed. Using the masks 143, the third doping treatment 1s
carried out. In this third doping treatment, third impurity
regions 144 to 150 of a conductive type opposite to one
conductive type of a third concentration are formed 1n the
semiconductor films 110, respectively. The third impurity
regions are divided into the a regions 146 and 148 where
overlapping with the second shape type electrode 140 and a
regions 144 to 145, and 149 to 150 where not overlapping
with the second shape type electrode 140. Then, the impurity
clement 1s added to the third impurity regions 144 to 150 1n
a concentration range of 1.5x10°° to 1.5x10*"/cm”.

As a result of the above steps, the impurnity doped regions
intended for valence electron control are formed in the
respective semiconductor films. The first electrodes 103 to
104 and 106, and the second shape type electrodes 135, 136
and 140 function as gate electrodes at positions at which the
clectrodes cross the semiconductor films, respectively.

Thereafter, a step of activating the impurity elements
doped into the respective semiconductor films 1s executed.
In this activation treatment, gas heating type instantaneous
heat annealing 1s employed. The heat treatment 1s carried out
at a temperature o 400 to 700° C. 1n a nitrogen atmosphere,
typically at a temperature of 450 to 500° C. In addition to the
heat annealing, laser annealing using the second higher
harmonic wave (532 nm) of a YAG laser 1s available. If the
impurities are activated by the irradiation of a laser beam,
the laser beam 1s applied to the semiconductor films using
the second higher harmonic wave (332 nm) of the YAG
laser. Needless to say, the RTA method which uses a lamp
light source instead of laser light 1s also applicable. In the
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RTA method, the lamp light source 1s radiated from the both
sides or one side of a substrate to thereby heat the semicon-
ductor films.

Thereafter, as shown 1n FIG. 10B, a passivation film 180
made of silicon nitride 1s formed to have a thickness of 50 5
to 100 nm by the plasma CVD method, a heat treatment 1s
carried out at a temperature of 410° C. using a clean oven
and the semiconductor films are hydrogenated with hydro-
gen emitted from the silicon nitride film.

Next, a third msulating film 181 made of an organic 10
insulating material 1s formed on the passivation film 180.
The reason for using the organic insulating material 1s to
flatten the surface of the third mnsulating film 181. To obtain
a more completely tlattened surface, the surface of the third
insulating film 181 1s preferably subjected to a planarization 15
treatment by the CMP method. If the CMP i1s used in
combination with the planarization, a silicon oxide film
formed by the plasma CVD method, an SOG (Spin on Glass)
film or a PSG film formed by a coating method, or the like
can be used as the third msulating film 181. The passivation 20
f1lm 180 may be regarded as a part of the third insulating film
181.

As shown 1n FIG. 10C, contact holes are formed on the
second 1nsulating film 112, a passwatlon film 180, and the
third 1nsulat1ng film 181. And then, wirings 182 to 186 are 25
formed. The wirings are formed to be laminated a titanium

film and an aluminum film.
FIG. 13B show a top view of FIG. 10C. A sectional view

taken along line A-A', B-B', C—(C', and D-D' 1n FIG. 4C
corresponds to FIG. 13B. 30

The wiring 182 1s connected to the source wiring 134 and
the second impurity region 166 respectively. The wiring 183
1s connected to the second impurity region 166 and the first
wiring 137 respectively. The wiring 184 1s connected to the
gate wirings 138 and 139 respectively. The wiring 185 35
functions as the power supply line and i1s connected to the
third 1mpurity region 167 and the second impurity region
177 respectively. The wiring 186 1s connected to the third
impurity region 173.

In the steps described so 1far, if the one conductive type 40
impurity region 1s n-type region and the impurity region of
the conductive type opposite to one conductive type 1s
p-type region, an n-channel TF'T 202 as a switching TFT and
p-channel TFT 203 as a driver circuit are formed respec-
tively. Note that, although the n-channel TFT 1s used for the 45
switching TFT and p-channel TFT 1s used for the dniver
circuit 1n this embodiment, present invention i1s not limited
to this structure. The p-channel TFT and n-channel TF'T may
be used as the switching TF'T and the driving TF'T respec-
tively. However, 11 an anode of EL elements 1s used as the 50
pixel electrode, 1t 1s preferable that the p-channel TFT 1s
used to the driver circuit. If a cathode of EL elements 1s used
as the pixel electrode, the n-channel TF'T 1s used to the driver
circuit.

As shown in FIG. 11, a ftransparent conductive film 55
containing mdium oxide or tin oxide as its main component
1s Tormed with a thickness of 60 to 120 nm on the surface of
the flatten third insulating film 181. Then, the transparent
conductive film 1s etched to form a pixel electrode (third
clectrode) 188 connecting to the wirings 186. FIG. 14 shows 60
a top view of FIG. 11 immediately after the pixel electrode
188 1s formed. A sectional view taken along the lines A—A',
B-B', C-C', and D-D'1n FIG. 14 corresponds to the FIG. 11.

In the n-channel TFT 202, the first impurity regions 156,
158, 162, and 164 function as LDD respectively, and the 65
second impurity regions 164 and 166 function as a source or
drain region respectively. This n-channel TFT 202 1s 1n a
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form wherein two TFTs are connected to each other 1n series
so as to sandwich the second impurity region 160. The
length, 1n the channel length direction, of the LDD 1s form
0.5 to 2.5 um, preferably 1.5 um. A main purpose of such a
construction of the LDD 1s to prevent deterioration of the
TFTs based on hot carrier effect. In the p-channel TFT 203,
the third impurity regions 167 and 163 function as a source
or drain region.

In this embodiment, by always applying a constant volt-
age (common voltage) to the common wiring 200, the
common voltage 1s applied to the first electrodes 103 and
104. This constant voltage 1s set to be lower than a threshold
voltage in case of the n-channel TFT and higher than the
threshold voltage 1n case of the p-channel TFT. By applying
the common voltage to the first electrode, the threshold
irregularity of the TFT can be suppressed compared with the
TFT which includes only one electrode. It 1s also possible to
suppress OFF current. The decrease of OFF current rather
than the increase of ON current influences the TEF'T which 1s
formed as a switching element i the pixel portion of the
semiconductor device. The above-stated structure is, there-
fore, advantageous to this TFT.

Further, 1n this embodiment, by forming a pair of elec-
trodes 106 and 140 electrically connected to each other
through the semiconductor film therebetween on the driving
TFT 203, the thickness of the semiconductor film 1s sub-
stantially halved, the formation of a depleted region 1s
accelerated following the application of a gate voltage,
making 1t possible to improve the field eflect mobility and to
lower the sub-threshold coeflicient. As a result, by using the
TFT of such a structure 1n the driving TFT, 1t 1s possible to
decrease driving voltage. In addition, current driving capa-
bility 1s improved and the TF'T can be thereby made smaller
in size (channel width thereol can be particularly made
smaller). It 1s thus possible to improve the integration
density of the semiconductor device.

A capacitance 1s formed 1n the section 1n which the first
wirings 105 and the first insulating film 108, and the
semiconductor layer 111 are overlapped with one another. A
capacitance 1s also formed 1n the section 1n which the second
wiring 137, the second insulating film 112, and the semi-
conductor layer 111 are overlapped with one another.

Further, as shown in FIG. 11, a partition layer 190 which
covers the n-channel TFT 202 and the p-channel TFT 203,
1s formed on the third msulating film 181. Since it 1s diflicult
to perform a wet treatment (such as etching with chemicals
or washing) 1n an organic compound layer or a cathode, the
partition layer 190 formed out of a photosensitive resin
material 1s provided on a third nsulating film adjusting to
the position of the pixel electrode 188. The partition layer
190 1s formed out of an organic resin material such as
polyimide, polyamide, polyimide amide or acryl. This par-
tition layer 190 1s formed to cover the end sections of the
pixel electrode. In addition, each of the end sections of the
partition layer 190 1s formed to have a taper angle of 45 to
60 degrees.

An active matrix driven type light emitting device shown
herein 1s constituted by arranging light emitting elements in
a matrix. The light emitting element 195 consists of an
anode, a cathode and an organic compound layer formed
between the anode and the cathode. If the pixel electrode
188 1s formed out of a transparent conductive film, the pixel
clectrode 188 serves as the anode. The organic compound
layer 192 1s formed out of a combination of a hole transport
material having relatively high hole mobility, an electron
transport material opposite to the hole transport material, a
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light emitting material and the like. These materials may be
formed 1nto respective layers or mixed with one another.

The organic compound material 1s formed as thin film
layers having a total thickness of about 100 nm. To this end,
the surface of the ITO conductive thin film formed as the
anode should have improved flatness. I flatness 1s low, the
anode or the ITO film 1s short-circuited with the cathode
formed on the organic compound layer at the worst. As
another method for preventing short-circuit, a method of
forming an insulating film having a thickness of 1 to 5 nm
may be adopted. As the insulating film, a film made of
polyimide, polyimide amide, polyamide, acryl or the like
can be used. If an opposed electrode (fourth electrode) 193
1s formed out of alkali metal such as MgAg or LiF or
alkaline-earth metal, the opposed electrode 193 can function
as the cathode.

The opposed electrode 193 1s formed out of a material
containing magnesium (Mg), lithtum (L1) or calcium (Ca)
having a low work function. Preferably, the opposed elec-
trode 193 containing MgAg (a material of mixture of Ag and
Mg with a mixture ratio of Mg:Ag=10:1) 1s used. In addition
to the MgAg electrode, an MgAgAl electrode, a LiAl
clectrode or a LiFAl electrode 1s available. An insulating
film 194 consists of silicon nitride, oxide nitride aluminum,
oxide aluminum indicated as AINxOy, or a single layer, a
laminated layer thereof selected from a DLC film 1s formed
on the opposed electrode 193 with a thickness of 2 to 30 nm,
preferably 5 to 10 nm. The DLC film can be formed by the
plasma CVD method. Even at a temperature of not higher
than 100° C., the DLC film can be formed to cover the end
sections of the partition layer 190 with good covering
property. The internal stress of the DLC film can be lessened
by mixing argon in small quantities imnto the DLC film. The
DLC film can be, therefore, used as a protection film. In
addition, the DLC {ilm has high gas barrier property against
CO, CO,, H,O and the like as well as oxygen, so that the
DLC film 1s suited as the msulating film 194 which functions
as a barrier film.

Note that, a source wiring and a drain wiring are formed
simultaneously, and then a wiring to supply the drain current
for the driving TFT to the pixel electrode and power-supply
wiring are formed simultaneously. A thickness of the wiring
becomes thicker, the step diflerence caused by the wirings 1s
increased. When, the step difference 1s increased, the pos-
sibility, to which the wirings fabricated 1n the later step are
disconnected and the element characteristic 1s deteriorated,
1s 1improved. Therefore, the thickness of wiring should be
thinner than the thickness of wiring fabricated 1n the previ-
ous steps. Because the power supply wiring functions to
supply the current in the light emitting elements, 1t 1s
preferable to thicken the film thickness and to lower resis-
tance. The power supply wiring is fabricated after the source
wiring and drain wiring are formed 1n the light emitting
device of this embodiment. Theretfore, the film thickness of
the power supply wiring can be made thicker, and resistance
can be lowered.

The source wiring and the gate wiring are simultaneously
formed under the third insulating film, and the pixel elec-
trode 1s formed on the third msulating film 1n this specifi-
cation. Therefore, 1t 1s possible that the source wiring and the
pixel electrode are overlapped with each other without
connecting the source wiring and the pixel electrode directly
even 1f the insulating film 1n not newly formed. Accordingly,
the light emitting area of the light emitting element can be
turther widened.

Although an example that the common voltage 1s applied
to a switching TF'T 202 and the first electrode and the second
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clectrode of dniving TFT 203 are connected to each other 1s
shown 1n this embodiment, present invention 1n not limited
to this structure. The first electrode and the second electrode
of switching TFT 202 may be connected to each other, and
the common voltage may also be applied to the first elec-

trode of the driving TFT 203.

Moreover, although, the switching TF'T has the double
gate structure (structure which contains an active layer
including two channel forming regions connected with the
series) 1 the light emitting device of this embodiment,
present mnvention 1s not limited to this structure. The switch-
ing TF'T may take a single structure or a mult1 gate structure
such as a triple gate structure (structure which contains an
active layer including the two channel forming regions or
more connected with the series). Moreover, instead of single
gate structure, the driving TFT may take the multi gate
structure such as the double gate structure and triple gate
structure (structure which contains an active layer including
the two channel forming regions or more connected with the
Series).

According to Embodiment 1, regions functioning as chan-
nels (channel formation regions) of plural thin film transis-
tors 1n a pixel are arranged so as to have the same channel
length direction and the channel length direction 1s matched
to the scanning direction 1n laser light 1rradiation. Therefore
the crystal growth direction coincides with the carrier mov-
ing direction and high field effect mobility can be obtained.

After air tightness 1s improved by a processing such as
packaging, connectors (flexible print circuits: FPC’s) are
attached to connect terminals pulled out from the elements
of circuits formed on the substrate to external signal termi-
nals, whereby the semiconductor device 1s completed as a
product.

The circuit diagram of the TFTs 1s explained with FI1G. 18.
Here, only p-channel TFT 1s typically shown. As to n-chan-
nel TFT, the direction of an arrow becomes the reverse of
p-channel TFT. FIG. 18A shows a general circuit diagram of
TFTs which has only one electrode. On the other hand, FIG.
18B shows a circuit diagram of TFTs of Embodiment 1 1n
which there are two electrodes with a semiconductor film
sandwiched therebetween, and, one of two electrodes 1is
applied a constant voltage (a common voltage (Vcom) or an
arbitrary voltage (Vx)). FIG. 18C shows another circuit
diagram of TFTs of Embodiment 1 1in which there are two
clectrodes with a semiconductor film sandwiched therebe-
tween, and the two electrodes are electrically connected to
cach other.

In addition, Embodiment 1 can be freely combined with
Embodiments Modes 1 to 6.

Embodiment 2

In this embodiment, the construction of a pixel of the light
emitting device of the present invention different from that
in the embodiment 1 will be explained.

FIG. 15 shows a top view of the pixel of the light emitting
device of Embodiment 2. FIG. 16 shows a sectional view
taken along line A—A', B-B' and C—C' of FIG. 15. A partition
wall layer, an organic light emitting layer, a cathode and a
protecting film manufactured 1n the process subsequent to
the formation of a pixel electrode are omitted to clarily the
construction of the pixel in FIG. 15.

Retference numeral 301 designates a TFT for switching,
and an n-channel TFT 1s used in Embodiment 2. Retference
numeral 302 designates a TFT for driving, and a p-channel



Uus 7,317,205 B2

29

TFT 1s used in Embodiment 2. The TFT for switching and
the TFT for driving may be set to the n-channel TFT and the
p-channel TFT.

The TFT 301 for switching has first electrodes 306 and
307, a first insulating film 350 abutting on the first electrodes
306 and 307, a semiconductor film 303 abutting on the first
insulating film 350, a second insulating film 351 abutting on
the semiconductor film 303, and second electrodes 308 and
309 abutting on the second insulating film 351.

One of source and drain areas 304 and 305 arranged in the
semiconductor film 303 is connected to a source wiring 311
through a wiring 310, and the other 1s connected to a second
wiring 313 through a wiring 312. The second wiring 313 1s
connected to a first wiring 314 through a contact hole.

The first electrodes 306 and 307 are overlapped with the
second electrodes 308 and 309 through the first insulating
film 350, the semiconductor film 303 and the second 1nsu-
lating film 351.

The TF'T 302 for driving has a first electrode 321, a first
insulating film 350 abutting on the first electrode 321, a
semiconductor {ilm 322 abutting on the first insulating film
350, a second 1nsulating film 351 abutting on the semicon-
ductor film 322, and a second electrode 320 abutting on the
second 1nsulating film 351.

The first electrode 321 1s one portion of the first wiring
314, and the second electrode 320 i1s one portion of the
second wiring 313.

One of source and drain areas 323 and 324 arranged 1n the
semiconductor film 322 1s connected to a power line 326
through a wiring 325, and the other 1s connected to a pixel
clectrode 328 through a wiring 327.

The first electrode 321 i1s overlapped with the second
clectrode 320 through the first insulating film 350, the
semiconductor film 322 and the second insulating film 351.

A storage capacitor 1s formed 1n a portion 1n which the
power line 326 and the first wiring 314 are overlapped with
cach other through the first msulating film 3350 and the
second 1nsulating film 351.

Reference numeral 330 designates a common wiring, and
a constant voltage 1s applied to the common wiring 330. A
wiring 332 partially has the second electrodes 308, 309, and
1s connected to a gate wiring 331 through a contact hole
formed 1n the first insulating film 350 and the second
insulating film 351.

In Embodiment 2, a common voltage 1s applied to the first
clectrode 1 the TFT 301 for switching even in the TFTs
within the same pixel. The dispersion of a threshold value
and an off-electric current can be restrained by applying the
common voltage to the first electrode 1n comparison with the
case of one electrode.

Further, the TFT 302 for driving through which an electric
current larger than that of the TFT for switching tlows,
clectrically connects the first and second electrodes. A
depletion layer 1s rapidly spread by applying the same
voltage to the first and second electrodes as 1n a case in
which the thickness of the semiconductor film 1s substan-
tially thinned. Accordingly, a sub-threshold coelflicient can
be reduced and electric field eflect mobility can be
improved. Accordingly, the on-electric current can be
increased in comparison with the case of one electrode.
Further, the dispersion of the threshold value can be
restrained 1n comparison with the case of one electrode.
Accordingly, a driving voltage can be reduced by using the
TFT of this structure 1n a driving circuit. Further, since the
on-electric current can be increased, the size (particularly
channel width) of the TFT can be reduced. Therefore,

integration density can be improved.
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The present mvention 1s not limited to this construction.
The first and second electrodes may be connected in the TFT
for switching, and the common voltage may be also applied
to the first electrode 1n the TFT for driving.

In the light emitting device of Embodiment 2, TFT for
switching has a double gate structure (a structure including
an active layer having two channel forming areas connected
in series). However, Embodiment 2 1s not limited to this
construction. The TFT for switching may have a single gate
structure, and may also have a multigate structure (a struc-
ture including an active layer having two or more channel
forming areas connected 1n series) such as a triple gate
structure, etc. Further, the TFT for driving may have a
multigate structure (a structure including an active layer
having two or more channel forming areas connected in
series) such as a double gate structure, a triple gate structure,
etc. mstead of the single gate structure.

In Embodiment 2, the source wiring and the power line
are simultaneously formed, and the gate wiring and a wiring
for supplying the drain electric current of the TFT {for
driving to the pixel electrode are then simultaneously
formed. Since the source wiring and the power line are
formed below a third isulating film 370 and the pixel
clectrode 1s formed on the third mmsulating film, the source
wiring, the power line and the pixel electrode can be
overlapped without direct connection even when no 1nsu-
lating film 1s newly arranged. Accordingly, the light emitting
area of a light emitting element can be further widened.

According to Embodiment 2, regions functioning as chan-
nels (channel formation regions) of plural thin film transis-
tors 1n a pixel are arranged so as to have the same channel
length direction and the channel length direction 1s matched
to the scanning direction 1n laser light 1rradiation. Therefore
the crystal growth direction coincides with the carrier mov-
ing direction and high field effect mobility can be obtained.

In addition, Embodiment 2 can be freely combined with
Embodiment Modes 1 to 6.

Embodiment 3

In the Embodiment 3, a circuit structure of the semicon-
ductor device corresponding to that of Embodiment 1 1s
described. Note that the TFT for switching in Embodiment
1 has a double gate structure, for the simplification, a single
gate structure of TFT for switching 1s described here as a
equivalent circuit.

FIG. 17 shows a block diagram of a light emitting device
according to the present invention. The structure of the light
emitting device will be described with reference to FIG. 17
while taking the drniver circuit of a light emitting device
which displays images using digital video signals as an
example. The light emitting device shown in FIG. 17
includes a data line driver circuit 800, a scanning line driver
circuit 801 and a pixel portion 802.

In the pixel portion 802, a plurality of source wirings, a
plurality of gate wirings and a plurality of power supply
lines are formed. A region surrounded by the source wirings,
the gate wirings and the power supply lines corresponds to
pixels. In FIG. 17, only the pixel which has one source
wiring 807, one gate wiring 809 and one power supply line
808 1s typically shown among a plurality of pixels. Each
pixel mcludes a switching TFT 803 which serves as a

switching element, a driving TFT 804, a storage capacitor
8035 and a light emitting element 806.

The gate electrode of the switching TFT 803 1s connected
to the gate wiring 809. The source and drain regions of the
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switching TFT 803 are connected to the source wiring 807
and the gate electrode of the driving TFT 804, respectively.

The source and drain regions of the driving TFT 804 are
connected to the power supply line 808 and the lLight
emitting element 806, respectively. The gate electrode of the
driving TF'T 804 and the power supply line 808 form the
storage capacitor 803.

The data line drniver circuit 800 includes a shift register
810, a first latch 811 and a second latch 812. A clock signal

(S-CLK) and a start pulse signal (S5-SP) for the data line
driver circuit are applied to the shift register 810. Latch
signals and video signals for determining latch timing are
applied to the first latch 811.

When the clock signal (S-CLK) and the start pulse signal
(S-SP) are mputted into the shift register 810, a sampling
signal which determines video signal sampling timing 1s
generated and 1nputted into the first latch 811.

Alternatively, the sampling signal from the shift register
810 may be bullered and amplified by a bufler or the like and
then mputted 1nto the first latch 811. Since many circuits or
circuit elements are connected to the wiring into which the
sampling signal 1s inputted, the wiring has a high load
capacitance (parasitic capacitance). This buller 1s eflective
to prevent the “delay” of the rise or fall of the timing signal
caused by the high load capacitance.

The first latch 811 1ncludes a plurality of stages of latches.
The first latch 811 samples the mputted video signal simul-
taneously with the sampling signal inputted thereinto and the
sampled video signal 1s sequentially stored 1in the respective
stages of latches.

A period required until the video signal 1s written to all the
stages of latches in the first latch 811 1s referred to as line
period. Actually, however, this line period to which a hori-
zontal retrace line period 1s added, 1s often referred to as line
period.

When one line period 1s finished, a latch signal 1s inputted
into the second latch 812. During this time, the video signals
written and held 1n the first latch 811 are all outputted to the
second latch 812, and written to and held 1n all stages of
latches 1n the second latch 812.

The first latch 811 which 1s completed with outputting the
video signals to the second latch 812 sequentially writes
another video signal based on the sampling signal from the
shift register 810.

In the second line period, the video signals written to and
held in the second latch 812 are inputted into the source
wiring.

Meanwhile, the scanning line driver circuit 801 includes
a shift register 821 and a builer 822. A clock signal (G-CLK)
and a start pulse signal (G-SP) for the scanning line driver
circuit are applied to the shift register 821.

When the clock signal (G-CLK) and the start pulse signal
(G-SP) are mputted 1nto the shift register 821, a select signal
which determines gate wiring select timing 1s generated in
the shift register 821 and inputted into the butier 822. The
select signal inputted into the bufier 822 1s buflered and
amplified and then 1nputted into the gate wiring 809.

When the gate wiring 809 1s selected, the switching TEF'T
803 having a gate e¢lectrode connected to the selected gate
wiring 809 1s turned on. The video signals mputted into the
source wiring are inputted into the gate electrode of the

driving TFT 804 through the switching TFT 803 which 1is
turned on.

The switching of the driving TF'T 804 is controlled based

on mnformation of 1 or O held by the video signals mnputted
into the gate electrode thereof. When the driving TFT 804 1s
turned on, the potential of the power supply line 808 1s
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applied to the pixel electrode of the light emitting element
806 thereby the light emitting element 806 emits light. When
the driving TF'T 804 1s turned off, the potential of the power
supply line 808 1s not applied to the pixel electrode of the
light emitting element 806 and the light emitting element

806 does not emait light.

In the circuits of the data line driver circuit 800 and those
of the scanning line driver circuit 801 provided in the light
emitting device shown mn FIG. 17, the first and second
clectrodes of each TFTs are electrically connected to each
other. By applying the same voltage to the first and second
clectrodes, the formation of a depleted layer 1s accelerated
substantially as in the case of making the semiconductor film
of the TFT thin. It 1s, therefore, possible to lower the
sub-threshold coeflicient and also improve the field effect
mobility of the TFT. Furthermore, compared with a TFT
which includes only one electrode, the TFT which includes
two electrodes can suppress threshold 1rregularity. Accord-
ingly, compared with a TF'T which includes only one elec-
trode, the TFT can increase ON current. It 1s thereby
possible to decrease driving voltage. In addition, since ON
current can be increased, the TFT can be made small in size
(the channel width thereof can be particularly made small).
It 1s thereby possible to improve the integration density of

the TFT.

Furthermore, in the pixel portion 802, a common voltage
Vcom 1s applied to one of the first and second electrodes of
the switching TFT 803 used as a switching element. In
addition, replace of common voltage Vcom, a voltage Vx
can be applied. By doing so, 1t 1s possible to suppress
threshold 1irregularity and to suppress OFF current compared
with the TF'T which includes only one electrode.

On the driving TF'T 804 for supplying a current to the light
emitting element 806, the first electrode 1s electrically con-
nected to the second electrode. As a result, it 1s possible to
increase ON current compared with the TEFT which includes
only one electrode. The structure of the dnving TFT 1s not
limited to this structure. It 1s also possible that a common
voltage 1s applied to either of the first and second electrodes
without electrically connecting the first electrode to the
second electrode. Alternatively, a thin film transistor of an
ordinary structure 1in which only one electrode 1s provided,
may be included 1n the driving TFT.

Embodiment 4

This embodiment describes an example of a pixel struc-
ture which 1s different from Embodiment 1. The description
1s given with reference to FIGS. 19A and 19B and FIG. 20.
In the example of Embodiment 1, each pixel has two TFTs
(a driving TFT and a switching TFT). This embodiment
shows an example 1n which each pixel has three TFTs (a
driving TFT, a switching TFT, and an erasing TFT).

A detailed top structure of a pixel portion of a light
emitting device 1 thus embodiment 1s shown 1n FIG. 19A.
A circuit diagram thereot 1s shown 1 FIG. 19B. FIGS. 19A
and 19B use common reference symbols and can be cross-
referred.

In FIGS. 19A and 19B, a switching TF'T 900 provided on
a substrate 1s formed from the switching (n-channel) TFT
202 of FIG. 10C. See the explanations about the switching
(n-channel) TFT 202 for the structure and manufacture
method of the switchuing TEF'T 900 (the explanations will not
be repeated here). A wiring denoted by 902 1s a first gate
clectrode arranged below a semiconductor layer and 1is
connected to a common voltage (Vcom). Second gate elec-
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trodes 901 (901a¢ and 9015b) arranged above the semicon-
ductor layer are gate wirings of the switching TFT 900.

In this embodiment, the TFT 900 has a double gate
structure 1 which two channel formation regions are
formed. However, the TFT may take a single gate structure
which has one channel formation region or a triple gate
structure which has three channel formation regions.

The switching TEF'T 900 has a source connected to a source
wiring 903 and a drain connected to a drain wiring 904. The
drain wiring 904 1s electrically connected to a second gate
clectrode 906 of a driving TFT 905. A first gate electrode of
the driving TFT 9035 1s arranged below a semiconductor

layer and connected to the second gate electrode 906.
The driving TEFT 905 1s formed from the driving (p-chan-

nel) TET 203 of FIG. 10C. See the explanations about the
driving (p-channel) TF'T 203 for the structure and manufac-
ture method of the driving TFT 905 (the explanations will
not be repeated here). In this embodiment, although the TEF'T
905 has a single gate structure, a double gate structure or a
triple gate structure may be taken.

The drniving TEF'T 905 has a source electrically connected
to a current supplying line 907 and has a drain electrically
connected to a drain wiring 908. The drain wiring 908 1s
clectrically connected to a anode 909 that 1s indicated by the
dotted line.

A wiring denoted by 910 (first gate electrode) 1s a gate
wiring electrically connected to a second gate electrode 912
of an erasing TFT 911. Though a connection portion 1s not
shown 1n the drawing, the first gate electrode 910 arranged
below a semiconductor layer 1s connected to the second gate
clectrode 912. The erasing TFT 911 has a source electrically
connected to the current supplying line 907 and a drain
clectrically connected to the drain wiring 904.

The erasing TFT 911 1s formed from the switching
(n-channel) TFT 202 of FIG. 10C. For the structure of the
TFT 911, see the explanation about the switching (n-chan-
nel) TFT 202.

Although the TFT 911 1n this embodiment has a single
gate structure, a double gate structure or a triple gate
structure may be taken.

A storage capacitor (condenser) 1s formed 1n a region
denoted by 913. The condenser 913 1s formed from a
semiconductor film 914 electrically connected to the current
supplying line 907, an insulating film (not shown in the
drawing) which 1s the same layer as a gate isulating film,
and the second gate electrode 906. A capacitance composed
of the gate electrode 906, a layer (not shown 1n the drawing)
which 1s the same layer as a first interlayer insulating film,
and the current supplying line 907 may also be used as a
storage capacitor.

A light emitting element 9135 shown in the circuit diagram
of FIG. 19B 1s composed of the anode 909, an organic
compound layer (not shown in the drawing) formed on the
anode 909, and a cathode (not shown 1n the drawing) formed
on the organic compound layer. In the present invention, the
anode 909 1s connected to the source region or drain region
of the driving TFT 905.

The cathode of the light emitting element 915 1s given an
opposite electric potential. The current supplying line 907 1s
given a power supply electric potential. The diflerence
between the opposite electric potential and the power supply
clectric potential 1s kept at a level high enough to allow the
light emitting element to emit light when the power supply
clectric potential 1s given to the anode. The power supply
clectric potential and the opposite electric potential are
provided from a power supply, such as an external IC,
attached to the light emitting device of the present invention.
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In this specification, a power supply for providing an oppo-
site electric potential 1s particularly called an opposite power
supply 916.

FIG. 20 shows arrangement of the semiconductor layers
of the pixel of FIGS. 19A and 19B, a laser beam for
irradiating the pixel with laser light, and the laser beam

scanning direction (indicated by the arrow 1n the drawing).
The crystal growth direction and the carrier moving direc-
tion thus can be matched to each other and high field efect
mobility can be obtained.

Although this embodiment shows an example of applying
the present invention to a pixel that has three TFTs, the
present invention 1s also applicable to a pixel that has four
or more 1F1s.

-

This embodiment may be combined freely with any one
Embodiment Modes 1 through 6.

of

Embodiment 5

In this embodiment, 1n the present invention, a charac-
teristic of a TFT 1n the case where a first electrode and a
second electrode are electrically connected to each other will
be described.

FIG. 21A 1s a cross sectional view of a TFT according to
the present invention, in which the first electrode and the
second electrode are electrically connected with each other.
Also, for comparison, FIG. 21B 1s a cross sectional view of
a TFT having only a single electrode. FIG. 22 shows a
relationship between a gate voltage and a drain current in the
respective TFTs shown in FIGS. 21A and 22B, which 1s
obtained by simulation.

The TFT shown in FIG. 21A includes a first electrode
2801, a first insulating film 2802 which 1s 1n contact with the
first electrode 2801, a semiconductor film 2808 which 1s 1n
contact with the first insulating film 2802, a second insulat-
ing film 2806 which 1s 1n contact with the semiconductor
film 2808, and a second electrode 2807 which 1s in contact
with the second insulating film 2806. The semiconductor
f1lm 2808 has a channel-forming region 2803, first impurity
regions 2804 which are 1n contact with the channel-forming
region 2803, and second impurity regions 2805 which are in
contact with the first impurity regions 2804.

The first electrode 2801 and the second electrode 2807 are
overlapped with each other so as to sandwich the channel-
forming region 2803 therebetween. The same voltage 1is
applied to the first electrode 2801 and the second electrode
2807.

The first insulating film 2802 and the second insulating
film 2806 are made of silicon oxide. Also, the first electrode
and the second electrode are made of Al. The channel length
1s 7 um. The channel width 1s 4 um. The thickness of the first
insulating film 1n a region in which the first (gate) electrode
1s overlapped with the channel-forming region 1s 110 um.
The thickness of the second insulating film 1n a region 1n
which the second (gate) electrode 1s overlapped with the
channel-forming region 1s 110 um. The thickness of the
channel-forming region 1s 50 nm. The length of the first
impurity region in a channel length direction 1s 1.5 um.

The channel-forming region 2803 i1s doped with an 1mpu-
rity for providing a p-type at 1x10"/cm”. The first impurity
regions are doped with an impurity for providing an n-type
at 3x10""/cm”. The second impurity regions are doped with
an impurity for providing an n-type at 5x10'”/cm”.

The TFT shown in FIG. 21B 1ncludes a first insulating
film 2902, a semiconductor film 2908 which 1s 1n contact
with the first insulating film 2902, a second insulating film
2906 which 1s 1n contact with the semiconductor film 2908,
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and a second electrode 2907 which 1s 1n contact with the
second 1nsulating film 2906. The semiconductor film 2908
has a channel-forming region 2903, first impurity regions
2904 which are 1n contact with the channel-forming region
2903, and second impurity regions 2905 which are 1n contact
with the first impunity regions 2904.

The second electrode 2907 1s overlapped with the chan-
nel-forming region 2903.

The first msulating film 2902 and the second insulating
film 2906 are made of silicon oxide. Also, the second
clectrode 1s made of Al. The channel length 1s 7 um. The
channel width 1s 4 um. The thickness of the second 1nsu-
lating film 1n a region 1n which the second (gate) electrode
1s overlapped with the channel-forming region 1s 110 pum.
The thickness of the channel-forming region 1s 50 nm. The
length of the first impurity region in a channel length
direction 1s 1.5 um.

The channel-forming region 2903 1s doped with an impu-
rity for providing a p-type at 1x10"’/cm”. The first impurity
regions are doped with an impurity for providing an n-type
at 3x10"’/cm”. The second impurity regions are doped with
an impurity for providing an n-type at 5x10"/cm”.

In FIG. 22, the abscissa indicates a gate voltage and the
ordinate indicates a drain current. A value of the drain
current with respect to the gate voltage 1n the TF'T shown 1n
FIG. 21A indicates a solid line and a value of the drain
current with respect to the gate voltage in the TFT shown 1n
FIG. 21B indicates a broken line.

From FIG. 22, the mobility of 139 cm*/Vs and the S value
of 0.118 V/dec 1s obtained 1n the TFT shown 1n FIG. 21A.
Also, the mobility of 86.3 cm®/Vs and the S value of 0.160
V/dec 1s obtained in the TFT shown 1in FIG. 21B. Thus, when
the first electrode and the second electrode are provided and
clectrically connected with each other, the mobility becomes
larger and the S value becomes small as compared with the
case where only the single electrode 1s provided.

Embodiment 6

In the example shown 1n Embodiment 1, a semiconductor
film which has a crystal structure is fonned by the method
of Embodiment Mode 1 using the laser processing apparatus
of FIG. 5. This embodiment shows an example of the second
laser light 1rradiation treatment for reducing the unevenness
(also called as ridges) on the surface of the semiconductor
film which 1s formed by the laser light used 1n crystallization

and for further improving the levelness.

The first laser light 1rradiation 1s performed to a semicon-
ductor film 1n an atmosphere containing oxygen to crystal-
lize the semiconductor film. Then, an oxide film formed by
the first laser light 1rradiation 1s removed, and second laser
light 1irradiation 1s carried out 1n an atmosphere that contains

-] -

less or no oxygen (at a higher energy density than that of the
first laser light 1irradiation). In this way, the levelness of the
semiconductor film 1s improved. The second laser light
irradiation 1s conducted 1n an 1nert atmosphere (e.g., nitro-
gen or argon) or 1 vacuuimn.

Specifically, the laser light irradiation treatment shown 1n
Embodiment 1 (treatment using the apparatus of FIG. 5) 1s
carried out 1 an atmosphere containing oxygen to form a
semiconductor {ilm which has a crystal structure and then an
oxide film on 1ts surface 1s removed to conduct the second
laser 1irradiation treatment (treatment using the apparatus of
FIG. 5) 1n a nitrogen atmosphere for leveling the surface of
the semiconductor film. In the second laser irradiation
treatment also, 1t 1s desirable to set the laser light scanning,

direction to the channel length direction.
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An example of the second laser light include gas laser
such as an excimer laser, an Ar laser, or a Kr laser, solid-state
laser such as a YAG laser, a YVO, laser, a YLF laser, a
YAIO, laser, a glass laser, a ruby laser, an alexandrite laser,
and a Ti:sapphire laser, or semiconductor laser. The solid-
state laser employed 1s one that uses a crystal such as YAG,
YVO,, YLF, or YAIO, doped with Cr, Nd, Er, Ho, Ce, Co,
T1, or Tm. The mode of laser oscillation may be continuous
wave type or pulse oscillation type. The shape of the laser
beam may be linear, rectangular, circular, or elliptical. The
wavelength used 1s suitably chosen from fundamental wave,
second harmonic, and third harmonic. The laser beam may
run longitudinally, laterally, or obliquely, or may run to and
fro.

In the example shown 1n this embodiment, the first laser
light and the second laser light are obtained from the laser
irradiation treatment apparatus of FIG. 5. However there 1s
no particular limitation, and the first laser light may be light
outputted from the laser irradiation treatment apparatus of
FIG. 5 whereas the second laser light 1s one outputted from
excimer laser irradiation treatment apparatus. Alternatively,
the first laser light may be light outputted from excimer laser
irradiation treatment apparatus whereas the second laser
light 1s one outputted from the laser irradiation treatment
apparatus of FIG. 5.

This embodiment structured as above i1s not particularly
limited and may employ other means for leveling a semi-
conductor film 1n addition to leveling the semiconductor film
by the second laser light. For example, an etchant, etching
using a reaction gas (typically dry etching), heat treatment at
high temperature (900 to 1200° C.) 1mn a reduction atmo-
sphere (typically hydrogen), treatment for polishing chemi-
cally and mechanically (typically CMP), and the like can be
used to level the semiconductor film.

According to the technique shown in this embodiment for
leveling a semiconductor film by 1rradiating laser light more
than once, the semiconductor film 1s leveled further and an
insulating film formed later to serve as a gate insulating film
can be made thin. Therefore the mobility of the TFT can be
improved. With the improved levelness of the semiconduc-
tor film, the TFT formed from the semiconductor film 1s
reduced in OFF current.

This embodiment may be combined freely with any one
of Embodiment Modes 1 through 6 and Embodiments 1
through 5.

Embodiment 7

EL. modules formed by performing the present invention
can complete various electronic devices in which the E
modules are used for example, 1 display portion. In other
words, all the electronic device in which ELL modules are
mounted can be completed thereby. Further, CPUs and the
like can be manufactured simultaneously with the display
portion on one substrate by performing the present inven-
tion, further more, miniaturization of devices and reduction
of manufacturing cost can also be realized.

Following can be given as such electronic devices: video
cameras; digital cameras; head mounted displays (goggle
type displays); car navigation systems; car stereos; personal
computers; portable information terminals (mobile comput-
ers, mobile phones or electronic books etc.) etc. Examples of
these are shown 1n FIGS. 23 and 24.

FIG. 23 A 1s a personal computer which comprises: a main
body 2001; an image mnput section 2002; a display section
2003; and a keyboard 2004 etc. Further, CPUs which

constitute computer can be formed on an msulting substrate,
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and can be manufactured with the display section 2003 on
the same 1nsulting substrate where the display section 2003
1s formed.

FIG. 23B 1s a video camera which comprises: a main body
2101; a display section 2102; a voice mput section 2103;
operation switches 2104; a battery 2105 and an image
receiving section 2106 etc.

FIG. 23C 1s a mobile computer which comprises: a main
body 2201; a camera section 2202; an image receiving
section 2203; operation switches 2204 and a display section
2205 etc. Further, CPUs which constitute computer can be
formed on an insulting substrate, and can be manufactured
with the display section 2205 on the same 1nsulting substrate
where the display section 2205 1s formed.

FIG. 23D 1s a goggle type display which comprises: a
main body 2301; a display section 2302; and an arm section
2303 etc.

FIG. 23E 1s a player using a recording medium in which
a program 1s recorded (hereinafter referred to as a recording
medium) which comprises: a main body 2401; a display
section 2402; a speaker section 2403; a recording medium
2404; and operation switches 24035 etc. This device uses
DVD (digital versatile disc), CD, etc. for the recording
medium, and can perform music appreciation, film appre-
ciation, games and use for Internet.

FIG. 23F 1s a digital camera which comprises: a main
body 2501; a display section 2502; a view finder 2503;
operation switches 2504; and an image receiving section
(not shown 1n the figure) efc.

FIG. 24A 1s a mobile phone which comprises: a main
body 2901; a voice output section 2902; a voice input
section 2903; a display section 2904; operation switches
2905; an antenna 2906; and an 1mage input section (CCD,
image sensor, etc.) 2907 etc. Further, CPUs which constitute
computer can be formed on an 1nsulting substrate, and can
be manufactured with the display section 2904 on the same
insulting substrate where the display section 2904 1s formed.
Thereby the mobile phone with CPUs included 1n complet-
ing.

FIG. 24B 1s a portable book (electronic book) which
comprises: a main body 3001; display sections 3002 and
3003; a recording medium 3004; operation switches 3005
and an antenna 3006 etc.

FIG. 24C 1s a display which comprises: a main body
3101; a supporting section 3102; and a display section 3103
etc.

In addition, the display shown 1n FIG. 24C has small and
medium-sized or large-sized screen, for example sizes of S
to 20 inches. Further, to manufacture the display section
with such sizes, it 1s preferable to mass-produce by gang
printing by using a substrate with one meter on a side.

As described above, the applicable range of the present
invention 1s extremely large, and the invention can be
applied to electronic devices in various fields. Note that the
clectronic apparatuses in Embodiment 7 can be achieved by
utilizing any one of combinations with Embodiment Modes
1 to 6, Embodiments 1 to 6.

Embodiment 8

In Embodiment 8, an example of using an electrophoresis
display device as a display portion illustrated in Embodi-
ment 7. Typically, the electrophoresis display device 1s
applied to a display portion 3002 or a display portion 3003
ol a portable book (electronic book) shown 1n FIG. 24B.

The electrophoresis display device is also referred to as an
clectronic paper, and has advantages of readabaility that 1s the
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same as paper, a low power consumption in comparison with
other display devices, and shape of thin and light.

The electrophoresis display device can takes wvarious
forms, and a plurality of micro capsules contaiming a first
particle with plus electric charge and a second particle with
minus electric charge are dispersed in the solvent or solute.
The particles 1n the micro capsule are moved to opposite
directions each other by applying electric field to the micro
capsules, and the color of particles gathered to one side are
displayed. Note that each of the first particle and the second
particle contains a dye. The particles do not move without
clectric field. Further, the color of the first particle 1s
different from that of the second particle (including color-
less).

Thus, the electrophoresis display device uses so-called
dielectric migration eflect that a material with a high dielec-
tric constant moves to high electric field region. The elec-
trophoresis display device does not require a reflection plate
and a counter substrate that are necessary for a liquid crystal
display device so that the thickness and weight are halved.

The above dispersed micro capsules 1n solvent 1s referred
to as an electronic ink. The electronic ink can be printed on
a surface of glass, plastic, cloth and paper. Further, by using
a color filter or a particle with a pigment, a color display also
1s possible.

An active matrix type display device can be completed by
providing appropriately the above-mentioned plural micro
capsules between two electrodes over the active matrix
substrate. If an electric field 1s applied to the micro capsules,
the device can display images.

For example, by applying the present invention, an active
matrix substrate on which thin film transistors connected to
one of electrodes 1n a pixel are arranged so as to have the
same channel length direction, can be used. Further, the
channel length direction 1s matched to the scanning direction
in laser light irradiation and the crystal growth direction
comncides with the carrier moving direction and high field
cllect mobility can be obtained.

The first particle and the second particle in the micro
capsule can be formed by one of the following matenals or
a compound material selected from the following materials;
conductive materials, msulating materials, semiconductor
materials, magnetism materials, liquid crystal materials,
ferroelectric materials, electro luminescent materials, elec-
trochromic materials, and magnetic electrophoresis materi-
als.

This embodiment can be freely combined with Embodi-
ment Mode 1, Embodiment 1, or Embodiment 7.

Embodiment 9

With reference to FIGS. 28 and 29, a description will be
given on an example of pixel top view corresponding to the
circuit diagram (FIG. 26) shown in Embodiment Mode 3.

One pixel has at least a transistor Trl (first driving
transistor or first transistor), a transistor Tr2 (second driving
transistor or second transistor), a transistor Tr3 (third driving
transistor or third transistor), a transistor Trd (first switching,
transistor or fourth transistor), a transistor Ir3 (second
switching transistor or {ifth transistor), an OLED, and a
storage capacitor. These TFTs (Trl, Tr2, Tr3, Tr4, and 1r5)
are obtained by following Embodiment Mode 1 or Embodi-
ment 1.

As shown 1n FIG. 26 that 1s an equivalent circuit diagram
of FIG. 28, 1n each of the transistors Trl to Ir5, wirings
(including 777) for forming channels (dual channels) over
and under a semiconductor film are directly connected to
gate electrodes. In other words, two gate electrodes sand-
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wich the semiconductor film. In this way, fluctuation in
threshold can be reduced and the OFF current can be
lowered compared to the case 1n which only one electrode 1s
provided.

The transistor Tr4 has a gate electrode 775 that 1s a part
of a scanning line 774. The gate electrode 773 1s connected
to a gate electrode 720 of the transistor Tr3. Of impurity
regions in a semiconductor layer of the transistor Trd, one 1s
connected to a connection wiring 742 that functions as a
signal line S1 and the other 1s connected to a connection
wiring 771. Similarly, of impurity regions 1n a semiconduc-
tor layer of the transistor 1r5, one 1s connected to a con-
nection wiring 742 that functions as a signal line S1 and the
other 1s connected to a connection wiring 775.

The transistor Trl has a gate electrode 776, which 1s
connected to a gate electrode 722 of the transistor Tr2. Of
impurity regions in a semiconductor layer of the transistor
Trl, one 1s connected to the connection wiring 771 and the
other 1s connected to a connection wiring 747 that functions
as a power supply line Vi.

The connection wiring 743 1s connected to an impurity
region common to the transistor Tr2 and the transistor Tr3,
and 1s connected to the gate electrode 722 of the transistor
112,

Denoted by 770 1s a storage capacitor, which has a
semiconductor layer 772, a gate insulating film 706, and a
capacitance wiring 773. The semiconductor layer 772 has an
impurity region connected to a connection wiring 747 that
serves as a power supply line.

The pixel electrode 748 1s in contact with and overlaps a
connection wiring 746. This brings an electric connection
between the pixel electrode and a drain region of the
transistor Tr3.

FIG. 29 shows semiconductor layers, which are to serve
as active layers of the transistors, immediately after the
semiconductor layers are formed. The semiconductor layers
of the transistors are arranged in one direction. The semi-
conductor layers are arranged in one direction and the
channel length direction coincides with the laser light scan-
ning direction. In this way, the crystal growth direction
matches the carrier moving direction and high field effect
mobility 1s obtained. FIG. 29 also shows a laser beam 778
and a laser scanning direction 779.

This embodiment may be combined freely with any one
of Embodiment Modes 1 through 6 and Embodiments 1
through 8.

Embodiment 10

This embodiment describes the structures of driving cir-
cuits (a signal line driving circuit and a scanning line driving
circuit) 1 a light emitting device of the present mvention
which 1s driven by an analog method.

FIG. 30A 15 a block diagram of a signal line driving circuit
401 of this embodiment. Denoted by 402 1s a shift register,
403, a bufler, 404, a sampling circuit, and 405, a current
converter circuit. In this embodiment also, wirings for
forming channels above and below a semiconductor film
(dual channels) are directly connected to gate electrodes and

Vx=V, 1s satisfied. The switches (SW) and inverters (Inb)
shown 1n FIG. 27B are used. Although SW and Inb of FIG.
27B are used in the example shown here, some or all of
wirings may be set to a common voltage (Vcom) or ground
voltage.

Clock signals (CLK) and start pulse signals (SP) are
inputted to the shift register 402. Upon receiving clock
signals (CLK) and start pulse signals (SP), the shiit register
402 generates timing signals.
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The timing signals generated are amplified, or builered
and amplified, in the bufler 403 and then inputted to the
sampling circuit 404. The bufler 403 too may have wirings
for forming channels (dual channels) over and under a
semiconductor film. Regions functioning as channels (chan-
nel formation regions) of a plurality of thin film transistors
in the bufler 403 may be arranged so as to have the same
channel length direction. If the scanning direction 1n laser
light rradiation 1s set 1n thus channel length direction, the
crystal growth direction 1s matched to the carrier moving
direction and high field effect mobility can be obtained.
Timing signals may be amplified by a level shifter instead of
a bufler. Alternatively, the circuit may have a bufler and a
level shifter both.

FIG. 30B shows specific structures of the sampling circuit
404 and current converter circuit 405. The sampling circuit
404 has a terminal 410 connected to the butier 403.

The sampling circuit 404 has a plurality of switches 411.
Analog video signals are inputted to the sampling circuit 404
from video signal lines 406. The switches 411 sample the
analog video signals 1n sync with timing signals and 1nput
them to the downstream current converter circuit 405. The
only current converter circuit 405 shown 1n FIG. 30B is one
that 1s connected to one of the switches 411 of the sampling
circuit 404. However, the current converter circuit 405 of
FIG. 30B 1s connected downstream to each of the switches
411.

The switches 411 1n this embodiment each have one
transistor. However, the switches 411 are not limited to the
structure of this embodiment as long as analog video signals
are sampled in sync with timing signals.

The analog video signals sampled are inputted to a current
output circuit 412 of the current converter circuit 405. The
current output circuit 412 outputs a current (signal current)
in an amount suited to the voltage of a video signal inputted.
The current output circuit 1n FIGS. 30A and 30B 1s com-
posed of an amplifier and a transistor. However, the present
invention 1s not limited thereto and any circuit can be
employed for the circuit 412 as long as 1t can output a current
in an amount suited to the voltage of a signal mputted.

The signal current 1s inputted to a reset circuit 417 of the
current converter circuit 405. The reset circuit 417 has two
analog switches 413 and 414, an mverter 416, and a power
supply 415.

A reset signal (Res) 1s inputted to the analog switch 414.
A reset signal (Res) mverted by the inverter 416 1s inputted
to the analog switch 413. The analog switches 413 and 414
operate 1 sync with an mnverted reset signal and a reset
signal, respectively. Therefore, when one of 413 and 414 1s
ON, the other 1s OFF.

When the analog switch 413 1s ON, the signal current 1s
iputted to 1ts designated signal line. On the other hand,
when the analog switch 414 1s ON, the voltage of the power
supply 415 1s given to a signal line to reset the signal line.
Desirably, the voltage of the power supply 415 1s almost the
same level as the voltage of the power supply line provided
in the pixel, and closer the amount of current flowing 1n a
signal line while resetting the signal line to 0, the better.

A signal line 1s desirably reset during a retrace period.
However, 1t 1s possible to reset a signal line in periods other
than the retrace period, 1f required, except a period during
which an 1mage 1s displayed.

A circuit capable of selecting a signal line, such as a
decoder circuit, may be employed instead of the shait
register.

Next, the structure of the scanning line driving circuit will

be described.
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The scanning line driving circuit has a shift register and
a bufler. It may have a level shifter in some cases.

Timing signals are generated 1n the scanning line driving,
circuit when clock signals CLK and start pulse signals SP
are mputted to 1ts shift register. The timing signals generated
are bullered and amplified 1n the bufler and then supplied to
a designated scanning line.

(Gates of transistors of one line of pixels are connected to
cach scanning line. Since transistors of one line of pixels
have to be turned ON at once, the bufler used should be
capable of allowing a large amount of current to tlow.

A circuit capable of selecting a scanning line, such as a
decoder circuit, may be employed instead of the shiit
register.

Voltages of scanning lines may be controlled by a plural-
ity of scanning line driving circuits associated with the
respective scanning lines. Alternatively, voltages of several
or all scanning lines may be controlled by one scanning line
driving circuit.

The signal line driving circuit and scanning line driving
circuit for driving a light emitting device of the present
invention are not limited to the structures shown in this
embodiment. The structure of this embodiment may be
combined freely with the structures shown in Embodiment

Modes 1 through 6 and Embodiment 8 or 9.

Embodiment 11

This embodiment describes the structures of current input
type pixels different from the one in Embodiment Mode 5.
The description will be given with reference to FIGS. 31A
and 31B.

A pixel shown 1n FIG. 31A has TFTs 511, 512, 513, and
514, a storage capacitor 515, and a light emitting element
516. In each of the TFTs 511, 512, 513, and 514, a first gate
clectrode and a second gate electrode form channels (dual
channels) over and under a semiconductor film. The TFTs
511, 512, 513, and 514 can be obtamned by following
Embodiment Mode 5 or Embodiment 1. As shown 1in
Embodiment Mode 5, regions functioning as channels of the
TFTs 511, 512, 513, and 514 are arranged so as to have the
same channel length direction. Then the channel length
direction 1s matched to the scanning direction 1n laser light
irradiation to make the crystal growth direction coincide
with the carrier moving direction and obtain high field effect
mobility.

A gate of the TF'T 511 1s connected to a terminal 518. The
TFT 511 has a source and a drain one of which 1s connected
to a current source 517 and the other of which 1s connected
to a drain of the TFT 513. A gate of the TF'T 512 1s connected
to a terminal 519. The TFT 512 has a source and a drain one
of which 1s connected to the drain of the TFT 3513 and the
other of which 1s connected to a gate of the TFT 513. The
gate of the TF'T 513 1s connected to a gate of the TFT 514.
Sources of the TFTs 513 and 514 are both connected to a
terminal 520. A drain of the TFT 514 1s connected to an
anode of the light emitting element 516. A cathode of the
light emitting element 516 1s connected to a terminal 521.
The storage capacitor 315 1s provided to hold the gate-
source voltage of the TFTs 513 and 514. Given voltages are
applied to the terminals 520 and 521 by power supplies and
the voltage of the terminal 520 1s different from the voltage
of the terminal 521.

The TF'Ts 511 and 3512 are turned ON when voltages are
applied to the terminals 518 and 519. Then the drain current
of the TF'T 513 1s controlled by the current source 517. Here,
the gate of the TFT 513 i1s connected to its drain. Therefore

the TFT 513 operates 1in a saturation range and the drain

10

15

20

25

30

35

40

45

50

55

60

65

42

current of the TFT 513 1s expressed by I=uC_W/L(V -
V. .)°/2, wherein V .. represents the gate voltage, u repre-
sents the mobility, C_ represents the gate capacitance per
unmit area, W/L represents the ratio of a channel width W of
the channel formation region to a channel length L, V
represents the threshold, and I represents the drain current.

In the above expression, i, C_, W/L, and V ., are all fixed
values unique to each tran51st0r It 1s understood from the
above expression that the drain current of the TFT 513 1s
changed by the gate voltage V ;.. Therefore, according to the
above expression, the gate voltage V ;. 1n a level suited to
the drain current 1s generated in the TFT 513.

At this point, the gate voltage of the TFT 514 1s kept at the
same level as the gate voltage of the TF'T 513 since the TFTs
513 and 514 are connected to each other through their gates
and sources.

Therefore the drain current of the TFT 513 1s in propor-
tion to the drain current of the TF'T 514. When u, C_, W/L,
and V ., of the TFT 513 are identical with those of the TFT
514, the TEFTs 513 and 514 have the same drain current. The
drain current flowing in the TFT 514 1s supplied to the light
emitting element 316, which emits light at a luminance
suited to the amount of the drain current.

The light emitting element 516 continues to emit light
after the TFTs 511 and 3512 are turned OFF by voltages given
to the terminals 518 and 519 as long as the gate voltage of
the TFT 514 1s held by the storage capacitor 515.

As has been described, the pixel shown 1n FIG. 31A has
a measure to convert a current supplied to the pixel into a
voltage to hold the voltage and a measure to cause a current
to flow 1nto a light emitting element 1n an amount suited to
the level of the voltage held. The pixel has a converter unit
that 1s the measure to convert a current supplied to the pixel
into a voltage to hold the voltage, a driving unit that is the
measure to cause a current to flow mto a light emitting
clement 1n an amount suited to the level of the voltage held,
and a light emitting element. A current supplied to the pixel
1s converted into a voltage by the converter unit, and the
voltage 1s given to the driving unit. The driving unit supplies
a current to the light emitting element 1n an amount suited
to the voltage given.

Specifically, in FIG. 31A, the TFT 512, the TFT 513, and
the storage capacitor 515 correspond to the measure to
convert a supplied current 1nto a voltage to hold the voltage.
The TFT 514 corresponds to the measure to cause a current
to flow 1nto a light emitting element 1n an amount suited to
the level of the voltage held.

Another pixel structure 1s shown 1n FIG. 31B.

A pixel shown 1n FIG. 31B has TFTs 531, 532, 533, and
534, a storage capacitor 335, and a light emitting element
536. In each of the TFTs 531, 532, 533, and 3534, a {irst gate
clectrode and a second gate electrode form channels (dual
channels) over and under a semiconductor film. The TFTs
531, 532, 333, and 534 can be obtained by following
Embodiment Mode 1 or Embodiment 1. As shown 1n
Embodiment Mode 1, regions functioning as channels of the
TFTs 531, 332, 533, and 534 are arranged so as to have the
same channel length direction. Then the channel length
direction 1s matched to the scanning direction 1n laser light
irradiation to make the crystal growth direction coincide
with the carrier moving direction and obtain high field effect
mobility.

A gate of the TF'T 531 1s connected to a terminal 338. The
TFT 531 has a source and a drain one of which 1s connected
to a current source 5337 and the other of which 1s connected
to a source of the TFT 3533. A gate of the TFT 534 1s

connected to the terminal 538. The TFT 534 has a source and




Uus 7,317,205 B2

43

a drain one of which 1s connected to a gate of the TFT 533
and the other of which 1s connected to a drain of the TFT
533. A gate of the TFT 532 1s connected to a terminal 539.
The TFT 532 has a source and a drain one of which 1s
connected to a terminal 540 and the other of which 1is
connected to the source of the TFT 333. A drain of the TFT
534 i1s connected to an anode of the light emitting element
536. A cathode of the light emitting element 536 1s con-
nected to a terminal 541. The storage capacitor 535 1s
provided to hold the gate-source voltage of the TFT 533.
(1ven voltages are applied to the terminals 540 and 541 by
power supplies and the voltage of the terminal 540 1s

different ifrom the voltage of the terminal 541.
The TF1’s 531 and 534 are turned ON when a voltage 1s

applied to the terminal 538 and the TFT 532 1s turned OFF
when a voltage 1s given to the terminal 539. Then the drain
current of the TF'T 533 1s controlled by the current source
537. Here, the gate of the TFT 533 1s connected to 1ts drain.
Theretfore the TEF'T 533 operates 1n a saturation range and the
drain current of the TFT 533 1s expressed by the above
expression. It 1s understood from the above expression that
the drain current of the TFT 533 is changed by the gate
voltage V .. Theretore, according to the above expression,
the gate voltage V -. 1n a level suited to the drain current 1s
generated 1n the TEFT 533.

The drain current tlowing in the TFT 533 1s supplied to the
light emitting element 536, which emits light at a luminance
suited to the amount of the drain current.

After the TFTs 531 and 534 are turned OFF by a voltage
given to the terminal 538, the TF'T 532 1s turned ON by a
voltage given to the terminal 539. At this point, the light
emitting element 536 continues to emit light at the same
luminance as when the TF'Ts 531 and 534 are ON as long as
the gate voltage of the TFT 533 1s held by the storage
capacitor 535.

As has been described, the pixel shown in FIG. 31B has
a measure to convert a current supplied to the pixel mto a
voltage, to hold the voltage, and to cause a current to flow
into a light emitting element 1n an amount suited to the level
of the voltage held. In short, the pixel shown in FIG. 31B has
a single measure that covers the functions of the two
measures provided in the pixel of FIG. 31A. In FIG. 31B, the
single measure covers the function of the converter unit and
the function of the driving unit. A current supplied to the
pixel 1s converted 1nto a voltage by the measure that 1s the
converter umt as well as the drniving unit, and then the
measure supplies a current to the light emitting element 1n an
amount suited to the voltage.

Specifically, in FIG. 31B, the TFT 333, the TFT 534, and
the storage capacitor 5335 correspond to the measure to
convert a supplied current into a voltage, to hold the voltage,
and to cause a current to flow into a light emitting element
in an amount suited to the level of the voltage held.

When pixels are structured as shown 1n FIG. 31A or 31B,
the amount of current flowing 1nto a light emitting element
can be controlled by a current source even if TFT charac-
teristics such as threshold and ON current are fluctuated
between pixels. Therefore tluctuation 1n luminance between
light emitting elements of pixels can be prevented.

In general, lowering of luminance due to degradation of
an organic light emitting material 1s smaller when a light
emitting clement emits light while keeping the current
between electrodes constant than when a light emitting,
clement emits light while keeping the voltage between
clectrodes constant. Accordingly, 1n the case of the current
input type pixels shown in FIGS. 31A and 31B as examples,
the amount of current flowing 1nto a light emitting element
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can always be kept at a desired value and therefore lowering
of luminance due to degradation of the light emitting ele-
ment can be reduced.

The luminance of a light emitting element 1s 1n proportion
to the amount of current flowing into its organic light
emitting layer. In a current mput type light emitting device,
the amount of current flowing nto a light emitting element
can be kept constant even if the temperature of the organic
light emitting layer 1s changed by the outside temperature or
heat generated from the light emitting panel itself. Therefore
a change 1n luminance of light emitting element can be
prevented and an increase in current consumption accom-
panying a temperature rise can be avoided.

In the examples shown i FIGS. 31A and 31B, the first
gate electrode and the second gate electrode are directly
connected and Vx=V . 1s satisfied. However, some or all of
wirings may be set to a common voltage (Vcom) or ground
voltage.

The structure of this embodiment may be combined freely
with the structures shown 1n Embodiment Modes 1 through
6 and Embodiments 1 through 10.

According to the present invention, regions functioning as
channels (channel formation regions) of plural thin film
transistors 1n a pixel are arranged so as to have the same
channel length direction and the channel length direction 1s
matched to the scanning direction 1n laser light 1rradiation.
Therefore the crystal growth direction coincides with the
carrier moving direction and high field effect mobility can be
obtained.

According to the present invention, TFT characteristics
can be improved (specifically, increase in ON current and
reduction in OFF current) and fluctuation in characteristic
among TFTs can be reduced. In particular, fluctuation 1n ON
current (I, ) of a TF'T that 1s electrically connected to an EL
clement 1n a pixel to supply a current to the EL element can
be reduced.

What 1s claimed 1s:

1. A light emitting device comprising:

at least one pixel formed on an insulating surface, the
pixel comprising;

a light emitting element comprising an anode, a cathode,
and a light emitting layer including an organic com-
pound; and

at least first and second thin film transistors,

wherein the first thin film transistor 1s electrically con-
nected to the anode or the cathode,

wherein the first and second thin film transistors have the
same channel length direction,

wherein the channel length direction of the first and
second thin film transistors 1s the same as a scanning,
direction of laser light irradiated to semiconductor
layers of the first and second thin film transistors,

wherein the first and second thin film transistors include
crystals grown continuously in the scanning direction
of the laser light, and

wherein the second thin film transistor comprises a source
region and a drain region one of which 1s electrically
connected to a gate electrode of the first thin film
transistor.

2. A light emitting device according to claim 1, wherein
the device further comprises a buller including a plurality of
thin film transistors 1s provided in a driver circuit on the
insulating surface, and the plurality of thin film transistors
are arranged to have the same channel length.

3. A light emitting device according to claim 1, wherein
the oscillation mode of the laser light 1s either continuous
wave type or pulse oscillation type.
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4. A light emitting device as claimed 1n claim 1, wherein
the laser light 1s emitted from one or plural kinds selected
from the group consisting of a YAG (yttrium aluminum
garnet) laser, a YVO, (vttrtum vanadate) laser, a YLF
(yvttrium lithium fluoride) laser, a YAIO, (yttrium alumina)
laser, a glass laser, a ruby laser, an alexandrite laser, and a
Ti:sapphire laser.

5. A light emitting device according to claim 1, wherein
the laser light 1s emitted from one or plural kinds selected
from the group consisting of an excimer laser, an Ar laser,
and a Kr laser.

6. A light emitting device according to claim 1, wherein
cach of the first and second thin film transistors has a first
clectrode formed on the msulating surface, a first insulating
film that covers the first electrode, a semiconductor layer
formed on the first insulating film, a second insulating film
that covers the semiconductor layer, and a second electrode
formed on the second insulating film.

7. A light emitting device according to claim 6, wherein
the second electrode 1s a gate electrode and the second
insulating film 1s a gate msulating film.

8. A light emitting device according to claim 6, wherein
the semiconductor layer comprises two impurity regions and
a channel formation region sandwiched between the two
impurity regions, and the first electrode and the second
clectrode overlap each other with the channel formation
region interposed therebetween.

9. A light emitting device according to claim 6, wherein
the first electrode 1s a gate electrode electrically connected
to the second electrode.

10. A light emitting device according to claim 6, wherein
the first electrode 1s connected to a fixed electric potential.

11. A light emitting device according to claim 6, wherein
the first msulating film 1s leveled by chemical mechanical
polishing.

12. A light emitting device according to claim 1, wherein
the light emitting device 1s one selected from the group
consisting of a video camera, a digital camera, a goggle type
display, a navigation system for vehicles, a personal com-
puter, and a portable information terminal.

13. A light emitting device comprising:

at least one pixel formed on an insulating surface, the
pixel comprising;:

a light emitting element comprising an anode, a cathode,
and a light emitting layer including an organic com-
pound; and

at least first, second, and third thin film transistors,

wherein the first thin film transistor 1s electrically con-
nected to the anode or the cathode of the light emitting
element,

wherein the first, second, and third thin film transistors are
arranged to have the same channel length direction,

wherein the channel length direction of the first, second,
and third thin film transistors 1s the same as a scanning
direction of laser light irradiated to semiconductor
layers of the first, second, and third thin film transistors,
and

wherein the first, second, and third thin film transistors
include crystals grown continuously 1n the scanning
direction of the laser light, and

wherein the second thin film transistor comprises a source
region and a drain region one of which 1s electrically
connected to a gate electrode of the first thin film
transistor.

14. A light emitting device according to claim 13, wherein

the device fturther comprises a buller including a plurality of
thin film transistors 1s provided in a driver circuit on the
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insulating surface, and the plurality of thin film transistors
are arranged to have the same channel length.

15. A light emitting device according to claim 13, wherein
the oscillation mode of the laser light 1s either continuous
wave type or pulse oscillation type.

16. A light emitting device as claimed m claim 13,
wherein the laser light 1s emitted from one or plural kinds
selected from the group consisting of a YAG (yttrium
aluminum garnet) laser, a YVO, (yttrium vanadate) laser, a
YLF (yttrium lithium fluonide) laser, a YAIO, (yttrium
alumina) laser, a glass laser, a ruby laser, an alexandrite
laser, and a Ti:sapphire laser.

17. A light emitting device according to claim 13, wherein
the laser light 1s emitted from one or plural kinds selected
from the group consisting of an excimer laser, an Ar laser,
and a Kr laser.

18. A light emitting device according to claim 13, wherein
cach of the first to third thin film transistors has a first
clectrode formed on the msulating surface, a first insulating
film that covers the first electrode, a semiconductor layer
formed on the first insulating film, a second sulating film
that covers the semiconductor layer, and a second electrode
formed on the second insulating film.

19. A light emitting device according to claim 18, wherein
the second electrode 1s a gate electrode and the second
isulating film 1s a gate mnsulating film.

20. A light emitting device according to claim 18, wherein
the semiconductor layer comprises two impurity regions and
a channel formation region sandwiched between the two
impurity regions, and the first electrode and the second
clectrode overlap each other with the channel formation
region interposed therebetween.

21. A light emitting device according to claim 18, wherein
the first electrode 1s a gate electrode electrically connected
to the second electrode.

22. A light emitting device according to claim 18, wherein
the first electrode 1s connected to a fixed electric potential.

23. A light emitting device according to claim 18, wherein
the first msulating film 1s leveled by chemical mechanical
polishing.

24. A light emitting device according to claim 13, wherein
the light emitting device 1s one selected from the group
consisting of a video camera, a digital camera, a goggle type
display, a navigation system for vehicles, a personal com-
puter, and a portable information terminal.

25. A light emitting device comprising:

at least one pixel formed on an insulating surface, the

pixel comprising;

a light emitting element comprising an anode, a cathode,

and a light emitting layer including an organic com-
pound; and

first, second, and third thin film transistors,

wherein the first thuin film transistor 1s electrically con-
nected to the anode or the cathode of the light emitting
element,

wherein the first, second, and third thin film transistors are
arranged to have the same channel length direction,

wherein the channel length direction of the first, second,
and third thin film transistors 1s the same as a scanning
direction of laser light wrradiated to semiconductor
layers of the first, second, and third thin film transistors,

wherein a semiconductor layer of the second thin film
transistor and a semiconductor layer of the third thin
film transistor are formed 1n the same semiconductor
1sland,
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wherein the first, second, and third thin film transistors
include crystals grown continuously in the scanning
direction of the laser light, and

wherein the second thin film transistor comprises a source
region and a drain region one of which 1s electrically
connected to a gate electrode of the first thin film
transistor.

26. A light emitting device according to claim 23, wherein
the device turther comprises a buller including a plurality of
thin film transistors provided in a driver circuit on the
insulating surface and the plurality of thin film transistors
are arranged to have the same channel length.

27. A light emitting device according to claim 25, wherein
the oscillation mode of the laser light 1s either continuous
wave type or pulse oscillation type.

28. A light emitting device as claimed 1n claim 25,
wherein the laser light 1s emitted from one or plural kinds
selected from the group consisting of a YAG (yttrium
aluminum garnet) laser, a YVO, (yttrium vanadate) laser, a
YLF (yttrium lithium fluonide) laser, a YAIO, (yttrium
alumina) laser, a glass laser, a ruby laser, an alexandrite
laser, and a Ti:sapphire laser.

29. A light emitting device according to claim 235, wherein
the laser light 1s emitted from one or plural kinds selected
from the group consisting of an excimer laser, an Ar laser,
and a Kr laser.

30. A light emitting device according to claim 25, wherein
cach of the first to third thin film transistors has a first
clectrode formed on the msulating surface, a first insulating
film that covers the first electrode, a semiconductor layer
formed on the first insulating film, a second insulating film
that covers the semiconductor layer, and a second electrode
formed on the second insulating film.

31. A light emitting device according to claim 30, wherein
the second electrode 1s a gate electrode and the second
insulating film 1s a gate msulating film.

32. A light emitting device according to claim 30, wherein
the semiconductor layer of at least one of first to third thin
f1lm transistors comprises two impurity regions and a chan-
nel region sandwiched between the two impurity regions,
and the first electrode and the second electrode overlap each
other with the channel region interposed therebetween.

33. A light emitting device according to claim 30, wherein
the first electrode 1s a gate electrode electrically connected
to the second electrode.

34. A light emitting device according to claim 30, wherein
the first electrode 1s connected to a fixed electric potential.

35. A light emitting device according to claim 30, wherein
the first insulating film 1s leveled by chemical mechanical
polishing.

36. A light emitting device according to claim 235, wherein
the light emitting device 1s one selected from the group
consisting of a video camera, a digital camera, a goggle type
display, a navigation system for vehicles, a personal com-
puter, and a portable information terminal.

37. A light emitting device comprising:

at least one pixel formed on an insulating surface, the
pixel comprising:

a light emitting element comprising an anode, a cathode,

and a light emitting layer including an organic com-
pound;

first, second, third, and fourth thin film transistors,

wherein the first thuin film transistor 1s electrically con-
nected to the anode or the cathode of the light emitting
element,
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wherein the first, second, third, and fourth thin film
transistors are arranged to have the same channel length
direction, and

wherein the channel length direction of the first, second.,
third, and fourth thin film transistors 1s the same as a
scanning direction of laser light irradiated to semicon-
ductor layers of the first, second, third, and fourth thin
film transistors.

38. A light emitting device according to claim 37, wherein
the device further comprises a bufller including a plurality of
thin film transistors provided m a driver circuit on the
insulating surface and the plurality of thin film transistors
are arranged to have the same channel length.

39. A light emitting device according to claim 37, wherein
the oscillation mode of the laser light 1s either continuous
wave type or pulse oscillation type.

40. A light emitting device as claimed in claim 37,
wherein the laser light 1s emitted from one or plural kinds
selected from the group consisting of a YAG (yttrium
aluminum garnet) laser, a YVO, (vttrium vanadate) laser, a
YLF (yttrium hithum fluonide) laser, a YAIO, (yttrium
alumina) laser, a glass laser, a ruby laser, an alexandrite
laser, and a Ti:sapphire laser.

41. A light emitting device according to claim 37, wherein
the laser light 1s emitted from one or plural kinds selected
from the group consisting of an excimer laser, an Ar laser,
and a Kr laser.

42. A light emitting device according to claim 37, wherein
cach of the first to third thin film transistors has a first
clectrode formed on the msulating surface, a first insulating
film that covers the first electrode, a semiconductor layer
formed on the first insulating film, a second insulating film
that covers the semiconductor layer, and a second electrode
formed on the second insulating film.

43. A light emitting device according to claim 42, wherein
the second electrode 1s a gate electrode and the second
insulating film 1s a gate mnsulating {ilm.

44. A light emitting device according to claim 42, wherein
the semiconductor layer of at least one of first to third thin
film transistors comprises two impurity regions and a chan-
nel region sandwiched between the two impurity regions,
and the first electrode and the second electrode overlap each
other with the channel region interposed therebetween.

45. A light emitting device according to claim 42, wherein
the first electrode 1s a gate electrode electrically connected
to the second electrode.

46. A light emitting device according to claim 42, wherein
the first electrode 1s connected to a fixed electric potential.

4'7. A light emitting device according to claim 42, wherein
the first msulating film 1s leveled by chemical mechanical
polishing.,

48. A light emitting device according to claim 37, wherein
the light emitting device 1s one selected from the group
consisting of a video camera, a digital camera, a goggle type
display, a navigation system for vehicles, a personal com-
puter, and a portable information terminal.

49. A light emitting device comprising:

at least one pixel formed on an insulating surface, the
pixel comprising:

a light emitting element comprising an anode, a cathode,
and a light emitting layer including an organic com-
pound; first, second, third, fourth, and fifth thin film
transistors,

wherein the first thin film transistor 1s electrically con-
nected to the anode or the cathode of the light emitting
element,
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wherein the first, second, third, fourth, and fifth thin film
transistors are arranged to have the same channel length
direction, and

wherein the channel length direction of the first, second,

third, fourth, and fifth thin film transistors 1s the same
as a scanning direction of laser light irradiated to
semiconductor layers of the first, second, third, fourth,
and fifth thin film transistors.

50. A light emitting device according to claim 49, wherein
the device turther comprises a bu
thin film transistors provided in a driver circuit on the
insulating surface and the plurality of thin film transistors
are arranged to have the same channel length.

51. A light emitting device according to claim 49, wherein
the oscillation mode of the laser light 1s either continuous
wave type or pulse oscillation type.

52. A light emitting device as claimed 1n claim 49,
wherein the laser light 1s emitted from one or plural kinds
selected from the group consisting of a YAG (yttrium
aluminum garnet) laser, a YVO, (yttrium vanadate) laser, a
YLF (yttrium lithium fluonide) laser, a YAIO, (yttrium
alumina) laser, a glass laser, a ruby laser, an alexandrite
laser, and a Ti:sapphire laser.

53. A light emitting device according to claim 49, wherein
the laser light 1s emitted from one or plural kinds selected
from the group consisting of an excimer laser, an Ar laser,
and a Kr laser.

54. A light emitting device according to claim 49, wherein
cach of the first to third thin film transistors has a first
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clectrode formed on the msulating surface, a first insulating
film that covers the first electrode, a semiconductor layer
formed on the first insulating film, a second nsulating film
that covers the semiconductor layer, and a second electrode
formed on the second insulating film.

55. A light emitting device according to claim 54, wherein
the second electrode 1s a gate electrode and the second
insulating film 1s a gate mnsulating film.

56. A light emitting device according to claim 54, wherein
the semiconductor layer of at least one of first to third thin
f1lm transistors comprises two impurity regions and a chan-
nel region sandwiched between the two impurity regions,
and the first electrode and the second electrode overlap each
other with the channel region interposed therebetween.

57. A light emitting device according to claim 354, wherein
the first electrode 1s a gate electrode electrically connected
to the second electrode.

58. A light emitting device according to claim 54, wherein
the first electrode 1s connected to a fixed electric potential.

59. A light emitting device according to claim 54, wherein
the first msulating film 1s leveled by chemical mechanical
polishing.

60. A light emitting device according to claim 49, wherein
the light emitting device 1s one selected from the group
consisting of a video camera, a digital camera, a goggle type
display, a navigation system for vehicles, a personal com-
puter, and a portable information terminal.
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